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The present edition conUiQB seren wood-cuts, and from ten to tnel'e 
psges of letter'press, more thsn Ibe first ; and tfae antbor trusts that the 
new matter, chiefl; descriptire, and the added illuEtratione, all ot them 
original, will be foaod to render bia work of more intcreet and raloe 
than before to the Falasontologlst, and at least Dot less acceptable to the 
general reader. 
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FOOT-PRINTS OF THE CREATOR: 




THE ASTEROLEPIS OF STROMNESS. 



HUGH MILLEE, 



" WbcD I uked btm [SJr Iiuo] bow Ihli wrth coiUd Ikts bwu 
p«opkBd U VT«r it had undflr^ne ths wme £at4 it iru tbrnfteDAd w, 
bj a* comet ot ISSO, be uuverod,—' tbit nqolnd tb^t^ver o1 
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JOHNSTOSE AND HUNTER IS, PRINCES STREET. 
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SIR PHILIP DE MAIPAS GREY E&EETON, 



To T<-u, Sir, as our hlgbeit British anUiorttj on foaeil flshei, I take the 
llburty of dedicating this little volnme. In trodng the history of Crea- 
tion, as lUnotraled in that iohthjii: dlTidon of the lertebrats whicii ia at 
onoe the most ancient and the moat extessiTelj preserred, I have Intro- 
duoed a eonBiderable amoant of fiwt and obserratian, for the Keneral in- 
tegrity of which my appeal miut He, not to tbe writings of my fiienda 
tile geologists, but to tbe strangeiy stgnifieaot record inscribed in tbe 
rocks, which It Is tlieir bighest merit Justly to interpret and faithfully to 
transerilM. The Ingenioni and popnlar anthor whose vlewa on Creation 
I attempt controienlng, Tirtnally carries his appeal f^m Bcienoe to the 
want of it. I woDid fain adopt an opposite course : And my use, on this 
occasion, of yonr name, may serTe to eiince the derire which I entert^n 
that the collation of my transcripts of hitherto uucopied portions of the 
geolo^o history with the hletory Itself, ehould be In the hands of men 
qoalifled, by original Tlgonr of faculty and the patient research of years, 
either to detect tbe erroneous or to certify tbe true. Further, I feel pe- 
culiar pleasure in aTailIng myself of tlie opportault; furnished me by the 
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VI. DEDICATION. 

pnblic&Uan of this little vork, of girlng eipresBlon to m; elncere respect 
far one who, oeeupTlng a high place in society, and deriilng his descent 
titim Damea lUustrians in hlstor;, has wisely taken up the true position 
of birth and rank in an enllKhtened counir; and age ; and who, in as- 
serting, by Ills modest, perseiering laboars, his proper standing in the 
scientific world, has rendered himself firet among bia oountrymen in an 
interesting department of Natural Sdeoce, to irbich Ibere is no aristo- 
cratic or " rojal road." 

I ha»e the bononr to be. Sir, 

With admiration and respect, 

YoDT obedient humble serrant. 
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TO THE READER. 



Tbbbe are chapters in this little Tolume which will, I am 
aft^d, be deemed too prolix by the general reader, and which 
jet the geologist would like less were there any portion of 
them away. They refer chiefly to oi^anismB not hitherto 
figured nor described, and must owe their modicum of value 
to that very minuteneas of detail which, by critics of the mere- 
ly hteraiy type, unacqiuunted with fossils, and not greatly in- 
terested in them, may be r^arded as a fbrmidahle defect, 
suited to overlay the general subject of the work. Perh&ps 
the best mode of compromising the m^ter may be to intimate, 
as if by beacon, at the outset, the more repulsive' chapters ; 
somewhat in the way that the servants of the Humane Society 
indicate to the skater who frequents in winter the lakes in the 
neighbourhood of Edinburgh, those parts of the ice on which 
he might be in danger of losing himself. I would reeom- 
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TUI. TO THE READER. 

mend, then, readers not particularly palteontological, to pass 
hut lightly over the whole of my fourth and fifth chapters, 
with the latter half of the third, marking, however, as they 
skim the pages, the conclusions at which I arrive ref^arding 
the bulk and organisation of the extraordinary animal de- 
scribed, and the data on which these are founded. My book, 
like an Irish landscape dotted with green bogs, has its por- 
tions on iVhich it may be peiiloua fbi' the unpractiBed surveyor 
to make any eonnderable stand, but across which he may 
safely take his sights and lay down his angles. 

It will, I trust, be found, that in dealing with errors vrhieh, 
in at least their primary bearing, afiect questions of science, I 
have not ofiended against the courtesies of scientific eontro- 
rtxay. True, they are errors which also involve moral conse- 
quences. There is a species of superstition which inclines 
men to take on trust whatever assumes the name of science ; 
and which seems to be a re-acdon on the old snperetition, that 
had &itb in witches, but none in Sir Isaac Newton, and be- 
lieved in ghosts, hut MIed to credit the Oregorisn calendar. 
And, owing mainly to the wide difiuMon of this credulous 
spirit of the modern typct as tittle disposed to examine what 
it receivee^as its ancient unreasoning predecessor, the derelop- 
ment doctrines are doing much hann on both sides of the 
Atlantic, especially amot^ intelligent mechanics, and a class 
of young men engaged in the subordinate departments of trade 
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TO THE READER. IX. 

and the law. And the hann, thua conndeisble in amount, 
nnist be neceasaiitj more than merely considenble in degree. 
For !t inTaiiably happens, that when perBons in these wbUcb 
become materialistH, they become also turbulent subjects and 
bad men. That belief in the existence after death, which 
fenna the distinguishing imtinct of humanity, la too essential 
a part of man's moral constitntion not to be missed when 
away ; and so, when once feirly eradicated, the liie and con- 
duct rarely fail to betray its absence. But I hare not, &om 
any consideration of the mischief thus effected, written as if 
aiguments, like cannon'balla, conld he rendered more formi- 
dable than in the cool state by being made red-hot. I have 
not even felt, in discussing the qaestion, as if I had a man be- 
fore me as an opponent ; for though my work contains nume- 
rous references to the author of the " Vestiges," I have invari- 
ably thought on these occasions, not of the anonymous writer 
of the volume, of whom I know nothing, but nmply of an in- 
g^ouB, well-written book, unfortunate in its facts, and not 
always very happy in its reasonings. Further, I do not think 
that palffiontological feet, in its bearing on the points at issue, 
is of such a doubtful complexion as to leave the geolog^t, 
however much from moral considerations in earnest in the mat- 
ter, any very serious excuse for losing his temper. 

In my reference to the three great divisions of the geologic 
scale, I designate as Paleeozoie, all the fossiiiferons rocks, from 
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X. TO THE READER. 

die £ist appeaiaace of organic existence down to die close of 
the Pmmian Bjsfem ; all as Seamdaty, &om the close of the 
Permian system down to the close of the Cretaceous deposits ; 
and all as Tertiary, from the close of the Cretaceous deposits 
down to the introduction of man. The wood-cuts of the vo- 
lume, of which at least nine-tenths of the whole represent ob- 
jects nerer figured before, were drawn and cut by Mt John 
Adams of Edinburgh, 8, Heriot Place (now in 21, Clerk 
Sbeet), with a d^ree of care and sldll which has left me no 
reason to regret my distance from the London artists and en- 
gravers. So for at least as the objects could be adequately 
represented on wood, and in the limited space at Mi Adams' 
command, their truth is such, that I can safely recommend 
them to the palsontolt^tst. In the accompanying desctip- 
dons, and in my statements of geologic fitct in geno^ it 
will, I hope, be seen that I have not exa^erated the peculiar 
features on which I hare founded, nor rendered truth par- 
tial in order to make it serve a purpose. Where I have 
reasoned and inferred, the reader will of course be able to 
judge for himself whether the argnment be sound or the de- 
ductitm just ; and to weigh, where I have merely speculated, 
ibe probability of the speculation; but as, in at least wme 
of my statements of &ct, he might he more at my mercy, I 
have striven in every instance to .make these adequately re- 
presentative of the actualities to which Uiey refer. And so, 
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TO THE READER. XI. 

if it be nldmately fbimd that on some occauona I hare mie- 
led others, it will, I hope, be also seen to be only in cases in 
nhich I have been mistaken myself. The first or popular 
title of my woik, " Foot-prints of the Creator," I owe to Dr 
Hetherington, the well-known historian of the Church of 
Scotland. My other variouB obligations to my friends, lite- 
rary and scientific, the reader will find acknowledged in (be 
body of the Tolnme, as the occasion occurs of availing myself 
of either the information communicated, or the organism, re- 
cent or extinct, lent me or given. 
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STROMNESS AND ITS iSTEROLEPIS. 



THE LAKE OF 8TENNI8. 



engaged in prosecuting the self-ini' 

led task of examiiuDg !n detail the 

ions fbssiliferouB deposits of Scotland, 

xtended my exploratory ramble, about 

> years ago, into the Mainland of 

kney, and resided for some time in 

the Ticinity of Stromness. This busy seaport town £>rms 

that special centre, in this northern archipelago, from which 

the structure of the entire group can be most advantageously 

studied. The geology of the Orkneys, like that of Caithness, 

owes its chief interest to the immense development which it 

exhibits of one formation, — the Lower Old Red Sandstone, — 

and to the extraordinary abundance of its vertebrate remains. 

It is not too much to affirm that, in the comparatively small 

portion which this cluster of islands contains of the lAird part 

(^ a system regarded only a few years ago as the least fossiti- 
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i STBOHNESS 

ferons in the geologic scale, tbere are more fbsul fish enclosed 
than in every other geologic sptem in England, Scotland, and 
Wales, from the Coal Measures to the Chalk inclusiTe. Ork- 
ney is emphatic^; to the geohi^t what a juvenile Shetland 
poet«s8 designates her country, in challenging for it a standing 
independent of the " Land of Cakes," — a " Land of Fish ;" 
and, were the trade once &irlj opened up, could supply with 
ichthyoUtes, by the ton and the ship-load, the museums of the 
world. Its various deposits, with all their strange organisms, 
have been uptilted from the bottom against a granitic axis, 
rather more than six miles in length by about a mile in 
breadth, which forms the great back-bone of the western dis- 
trict of Pomona; and on this granitic axis, — fast jambed in 
between a steep hill and the sea, — stands the town of Strom- 
ness. Situated thus at the bottom of the upturned deposits of 
the island, it occupies exactly such a point of observation as 
that which the curious eastern traveller would select, in front 
of some huge pyramid, or hieroglyphic-covered obelisk, as a 
proper site for his tent. It presents, besides, not a few fecili- 
ties for studying, with the geologic pheooniena, various inte- 
resting points ia physical science of a cognate character. 
Besting on its granitic base, in front of the strangely-scutp- 
tured pyramid of three broad tiers, — red, black, and gray, — 
which the Old Red Sandstone of these islands may be re- 
garded as framing, it is but a short half-mile from the Great 
Conglomerate base of the formation, and scarcely a quarter of 
a mile more from theolderbedsof its central flagstoue deposit; 
while an hour's sail on the one hand opens to the explorer the 
overlying arenaceous depoat of Hoy ; and an hour's walk on 
the other introdtices him to the Loch of Stennis, with its 
curiously mixed flora and &una. But of the Loch of Stennis 
and its productions more anon. 
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AND ITS ASTEROLEPIS. 3 

The day was tar spent when I reached Stromness ; but as I 
had a fine bright evening still before me, longer hy some three 
or four d^reea of nucth latitude than the midsununer evenings 
of the south of Scotland, I set out, hammer in band, to examine 
the junction of the granite and the Great Conglomerate, where 
it has been laid bare by the sea along the low promontory 
which fi»ina the western boundary of the harbour. The 
granite here ia a ternary of the usual components, somewhat 
intermediate in grain and colour between the granites of 
Peterhead and Aberdeen; and the conglomerate con^ats of 
materials almost exclusively derived from it, — evidence enough 
of itself, that when this ancient mechanical deposit was in 
course of forming, the granite— exactly such a compound then 
as it is now — was one of the sur&ce rocks of the locality, and 
much exposed to disintegrating influences. This conglome- 
rate base of the Lower Old Red Sandstone of Scotland, — 
which presents, over an area of many thousand square miles, 
such an identity of character, that specimens taken &om the 
neighbourhood of Lerwick, in Shetland, or of Gamrie, in 
Banff, can scarce he distinguished from specimens detached 
fi'om the lulls which rise over the Great Caledonian Valley, 
or irom the cUfis immediately in front of the village of Contin, 
— seems to have been formed in a vast oceanic basin of pri- 
mary rock, — a Paheozoic Hudson's or Baffin's Bay, — partially 
surrounded, mayhap, by primary continents, swept by nume- 
rous streams, rapid and headlong, and charged with the broken 
debris of the inhospitable r^ons which they drained. The 
graptolite-bearing grauwacke of Bauiisfaire seems to have been 
the only foasililerous rock that occurred throughout the entire 
extent of this ancient northern basin ; and its few organisms 
now serve to open the sole vista through which the geological 
explorer to the north of the Grampians can catch a glimpse 
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of an earlier period of existence than that represented by the 
ichthyoUt«s of the Loner Old Red Sandstone.* 

Very many ages must have passed ere, amid wares and 
currents, the water-worn debris which now forms the Great 
Conglomerate could hare accumulated otcf tracts of sea- 
bottom from ten to fifteen thottsand square miles in area, to 
its present depth of from one to four hundred feet At length, 
howeyer, a thorough change took place; but we can only 
doubtfully speculate r^arding its nature or cause. The 
bottom of the Palteozoic basin became greatly less exposed. 
Some protecting circle of coast had been thrown up around 
it ; or, what is perhaps mora probable, it had sunk to a pro- 
founder depth, and the ancient shores and streams had re- 
ceded, through the depresMou, to much greater distances. 
And in consequence, the deposition of rough sand and rolled 
pebbles was fallowed by a deposition of mad. Myriads of 
fish, of forms the most ancient and obsolete, congregated on 
its banks or sheltered in its hollows; generation succeeded 
generation ; millions and tens of millions perished mysteri- 
ously by sudden death ; shoals af)«r shoals were annihilated ; 
but the produddre powers of nature were stroi^, and the 
waste was kept up. But who among men shall reckon the 
years or centuries during which these races existed, and this 



* WbeD this sant«nec was written, I h&d wbat I deemed euffldent 
aotharlC; Tor holding that the grauvacka of Baaffshire containB grapto- 
litflB : bnt I have alnce been told that mj informant mast have mUtaktti 
for this TogeUble-looking loophite, the dendritie -marliidga common in 
the transition slates of the conntj, and that thoj have hitherto fulod to 
yield anything organic. Aa, however, the grauwaeke of Scotland— long 
regarded as one of the moat barren of deposits— has at late been every- 
where yielding IM fossils, I retain, with this necessary explanation, the 
passage as originally written, in the belief that were I now to erase it 
from the page, I would at no very distant date have to write it anew. 
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AND ITS A8TER0LEPIS. 5 

muddy ocean of the remote past spread out to unkuown and 
nameless shores around them ? As in tho«e great cities of the 
desert that lie uninhabited and waste, we can but conjecture 
their term of existence from the vast extent of their cemeteries. 
We only know that the dark, finely-grained schiata in which 
they so abundantly occur must have been of comparatively 
slow formation, and that yet the thicknew of the deposit more 
than equals the height of our loftiest Scottish mountains. It 
would seem as if a period equal to that in which all human 
history is comprised might be cut out of a comer of the period 
represented by the Lower Old Ked Sandstone, and be scarce 
missed when away : nay, for eveiy year during which man has 
lived upon eaith, it is not improbable that the PlerisAlAyt and 
its contemporaries may have lived a cuitury. Their last hour, 
however, at length came. Over the dark-coloured ichthyolitic 
schists so immensely developed in Caithness and Orkney, there 
occurs a pale-dnted, mdossiliferous sandstone, which in the 
island of Hoy rises into hills of from fourteen to sixteen hun- 
dred feet in height ; and among the organisms of those newer 
formations of the Old Red which overlie this deposit, not a 
species of ichthyolite identical with the species entombed in 
the lower schists has yet been detected. In the blank interval 
which the arenaceous deposit represents, tribes and families 
perished and disappeared, leaving none of their race to suc- 
ceed them, that other tribes and families might be called into 
being, and tall into their vacant places in the onward march 
of creation. 

Such, so far as the various hieroglyphics of the pile have 
yet rendered their meanings to the geologist, is the strange 
story recorded on the three-barred pyramid of Stromness. I 
traced the formation upwards this evening along the edges of 
the upturned strata, from where the Great Conglomerate leans 
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^ainBt the granite, till where it merges into the ichthyolitic 
flagstone; and then pursue*] these from older and lower to 
newer and higher layers, desirous of ascertaining at what dis- 
tance over the base of the system its more ancient organisms 
first appear, and what their character and kind. And, em- ^ 
bedded in a grayish-colonred layer of hard flag, somewhat 
less than a hundred yards OTer the granite, and about a hun- 
dred and rixty feet otbt the upper stratum of the conglome- 
rate, I £iund what I sought, — a well-marked bone, — in all 
probability the oldest vertebrate remain yet discovered in Ork- 
ney. What, asks the reader, was the character of this ancient 
organinn of the FalsoEoic basin ? 

As' shown by its cancellated texture, palpable to the naked 
eye, and still more nneqnivocally by the insular complexity 
of febric which it exhibits undra' the inicroscope,'-by its speck- 
like life-points or canalicoli, that remind one of air-bubbles is 
ice, — its branching channels, like minute reins, through which 
the blood must once have fiown, — and its general ground- 
work of irregular lines of corpuscular fibre, that wind 'through 
the whole like currents in a river studded with islands, — it 
was as truly osseous in its composition as the solid bones of 
any of the reptiles of the Secondaiy, or the quadrupeds of the 
Tertiary periofls. And in ferm it closdy resembled a lai^ 
roofing-nail. With this bone our more practised paleonto- 
logists are but little acquainted, for no remains of the animal 
to which it belonged have yet been discovered in Britain to 
the south of the Grampians,* nor, except in the Old Red 

• Since the aboTB Beat«iice was written and set in type, I hsTe lesmed 
thst mjlngenlonB friend Mr OharleB Peach of tha C nstoma, Fowey, so 
veil known for his palnoDtological dlKoTerien, bu just foand in :, 
DeToalsn i^r^tem of Corawftll, fragments of what eeem to be dermal 
pistes of AiUnltpii. It is a somewhat cnrioQS circnmitance, that the 
two farthest remoied extremities of Great Britain, — Cornwall and Caltb- 
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Sandstone of Russia, has it been detected anywhere on the 
Continent. Nor am I aware that, save in the accompanying 
wood-cut (fig. 1), it hag ever been figured. The amateur geo- 
logists of Caithness and Orkney have, however, learned to re- 
cognise it as the " petrified nail." The length of the entire 
specimen in this instance was five seven-eighth inches, the 
tzaneverse breadth of the head two inches and a quarter, and 
the thickness of the stem nearly three-tenth parts of an inch. 
This nail- like bone fonned a characteristic portion of the Aa- 
Urol^it, — so ^ as is yet known, the most gigantic ganoid of 
the Old Red Sandstone, and, judging from the place of this 
fragment, apparently one of the first. 

rig. 1. 




nesB, — should be tipp«d bj toaslllferouB deposits of the same BnQlent sys- 
tem, aod that organisms nhlcb, when t'tiej liied, were coptemporary, 
sbould be found embedded in tbe rocka which rise oxer the British Chan- 
nel on tbe one extremity, and oTerbang the Pentluid Fiitb on the other. 
* Figured from a Thurso specimen, sUghtl; dlffereat lu its propoiiiona 
fram tbe Stromnesa speoi 



T,Google 



8 aTROMNEBB AND ITS ASTBROLEPtS. 

There were T&riouB oonaidemtioss which led me to n^aid 
the " petrified nail" in this case as one of the most interesting 
fossils I had erer seen ; and, before quilting Orkney, to pur- 
sue my explorations farther to the south, I brought two intel- 
ligent geolc^^lts of the distnct,* to mark its place and charac- 
ter, that they might be able to point it out to geological visitors 
in the iiitore, or, if they preferred removing it to their town 
museum, to indicate to them the stratum in which it had lain. 
It showed me, among other thii^s, how unsafe it is for the 
geologist to base positive conclusions on merely negative data. 
Founding on the fact that, of many hundred ichthyolites of the 
Lower Old Red Sandstone which I had disinterred and exa- 
mined, all were of comparatively small size, while in the Upper 
Old Red many of the ichthyolites are of great mass and bulk, 
I had inferred that vertebrate life had been restricted to mi- 
nuter forms at the commencement than at the close of the sys- 
tem. It had begun, I had ventured to state in the earlier 
edidooB of a little work on the " Old Red Sandstone," with 
an age of dwarfe, a^i had ended with an ^e of giants. And 
now, here, at the very base of the system, unaccompanied by 
aught to establish the contemporary existence of its dwarls, — 
which appear, however, in an overlying bed aboat a hundred 
feet higher up, — was there unequivocal proof of the existence 
of one of the most colossal of its giants. But not unfrequently, 
in the geologic field, has the practice of basing positive con- 
clusions on merely negative grounds led to a misreading of the 
record. From evidence of a kind exactly similar to that on 
which I had built, it was inferred, some two or three years 
ago, that there bad lived no reptiles during the period of the 
Coal Measures, and no fish in the times of the Lower Silurian 
System. 

■ Dr George Oarrau, StromnesB, and Hr William WMt, jun., Skalll. 
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I extended my researches, a few days aflier, in an € 
direction from the totm of Stromuess, and walked for sereral 
miles along the shores of the Loch of Stennis, — a large lake 
about fourteen miles in circnmierence, bare and treeless, like 
all the other lakes and lochs of Orkney, but picturesc|ae of 
outline, and divided into an upper and lower sheet of wat«r 
by two low, long promontories, that jut out from opposite 
sides, and so nearly meet in the middle as to be connected by 
a thread-like hne of road, haif-mound, half-bridge. " The 
Loch of Stennis," says Mr Darid Vedder, the sailor-poet of 
Orkney, " is a beautiful 3f editeiraneau in miniature." It gives 
admission to the sea by a narrow strait, crossed, like that which 
separates the two promontories in the middle, by a long rustic 
bri^e ; and, in consequence of this peculiarity, the lower di- 
vision of the lake is salt in its nether reaches and brackish in 
its upper ones, while the higher division is merely brackish in 
its nether reaches, and fresh enough in its upper ones to be 
potable. Viewed from the east, in one of the long, clear, sun- 
shiny evenings of the Orkney summer, it seems not unworthy 
the euli^um of Vedder. There are moory hills and a few 
rude cottages in front ; and in the background, some eight or 
ten miles away, the bold, steep mountain masses of Hoy ; while 
on the promontories of the hke, in the middle distance, con- 
spicuous in the landscape, from the relief furnished by the blue 
ground of the surronndii^ waters, stand the tall gray obelisks 
of Stennis,— one group on the northern promontory, the other 
on the south, 

"Old Ct«n berond traditian'a bmth." 

The shores of both the upper and lower divisions of the lake 
were strewed, at the time I passed, by a line of wrfMk, con- 
sisting, for the first few miles frum where the lower loch opens 
to the sea, of only marine plants, then of marine plants mixed 
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with those of Iresh-water growth, and then, in the upper ^eet 
of water, of lacustrine plants escIusiTely. And the fauna of 
the loch is, I was informed, of as mixed a cfaatacter as its flora, 
— the marine and fresh-water animals having each their own 
reaches, with certain debateable tracts between, in which each 
kind expatiates with more or less freedom, according to its 
specific nature and constitution, — some of the sea-fish advan- 
cing far on the fresh water, and others, among the proper deni- 
zens of the lake, encroaching fer on ' the salt The common 
fresh-nater eel strikes out, I was told, farthest into the sea- 
water ; in which, indeed, reTcraing the habits of the salmon, 
it is known in variouB places to deposit its spawn. It seeks, 
too, impatient of a low temperature, to escape from the cold of 
winter, hj taking refiige in water brackish enough, in a cli- 
mate such as ours, to lesiBt the influence of frost. Of the 
marine fish, on the other hand, I found that the flounder got 
greatly higher than any of the others, inhabiting reaches of the 
lake almost entirely fresh. I have had an opportunity else- 
where of ohserring a curious change which fresh water induces 
in this fish. In the brackish water of an estuary, the animal 
becomes, without diminishing in general size, thicker and more 
fleshy than when in its legitimate habitat the sea; but the 
flesh loses in quality what it gains in quantity; — it grows 
fiabby and insipid, and the margin-fins (i. e. dorsal and anal) 
lack always their strip of transparent &t. But the change in- 
duced in the two floras of the lake, — marine and lacustrine, — 
is considerably moro palpable and obvious than that induced 
in its two faunas. As I passed along the strait throngh which 
it gives admission to the sea, I found the commoner fiicoids of 
onr sea-coasts streaming in great luxuriance in the tideway, 
from the stones and rocks of the bottom. I marked, amoi^ 
the others, the two species of kelp-weed so well known to our 
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Scotch kelp-bumers, — Fjkui nodofw and Fvcut ve«untlo*u», 
— flouriBhiiLg ia their uncurtailed proportioiu ; and the not in- 
elegant Hal\dry» nlvpio%a, or " tree in the sea," presenting its 
amplest spread of pod and frond. A little farther in, Halidryt 
and Fvcut nodotut disappear, and Fwmi vetwulotu* becomes 
greailj stunted, "and no longer exhibits its characteristic double 
rows of bladders. But for mile aAer mile it continues to exist, 
blent with some of the hardier conferree, until at length it be- 
comes as dwarfish and nearly as sUm of frond as the conferva 
themselves ; and it is only by tracing it through the interme- 
diate forms that we succeed in convindng ourselves that, in 
the brown stunted tufts of from one to three inches in length, 
which continue to fringe the middle reaches of the lake, we 
have in reality the well-known Fucus before us. Rushes, 
flags, and aquatic grasses may now be seen standing in dimi- 
nutive tuA« out of the water ; and a terrestrial vegetation at 
least continues to exists though it can scarcely be said to 
thrive, on banks covered by the tide at full. The lacustrine 
flora increases, both in extent and luxuriance, as that of the 
sea diminishes ; and in the upper reaches we &il to detect all 
trace of marine plants ; the alg», so luxuriant of growth along 
fhe straits of this " miniature Mediterranean," altogether cease; 
and a semi-aquatic vegetation attains, in turn, to the state of 
fullest development anywhere permitted by the temperature of 
this northern locality. A memoir descriptive of the Loch of 
Steimis, and its productions, animal and r^etable, such as old 
Gilbert White of Selbome could have produced, would be at 
once a very valuable and curious document, important to the 
naturalist, and not without its use to the geolt^cal student 

I know not how it may be with others ; but the special phe- 
nomena connected with Orkney that most decidedly bore fruit 
in my mind, and to which ray thoughts have most frequently 
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reverted, were thoee esUbiled in the neighbouTbood of Strom- 
ness. I would more particularly refer to the characteristic 
fi-sgment of AiteroUpit which I detected in its lower flagstones, 
and to the curioualy'imxed, semi-mariae, Bemi-lacuatrine vege- 
tation of the Loch of Stennis. Both seem to bear very di- 
rectly on that development hypothems, — &bI spreading among 
an active and ingenious order of minds, both in Britain and 
Ameiica, and which has beea long known on the Continent, 
— that would &in transfer the work of creation from the de- 
partment of miracle to the province of natural Ian, and would 
strike down, in the process of removal, all the old landmarks, 
ethical and reli^ous. 
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THE DEVELOPMENT HYPOTHESIS, AND ITS 
CONSEQUENCES. 



Etert indiTidual, whatever its species or order, begins and 
increases until it attains to its state of fullest development, 
under certain fixed laws, and in eonseyuenee of their operation. 
The microscopic monad derelopes into a foetus, the ftetus into 
a child, the child into a man; and, however marvellous the 
process, in none of its stages is there the slightest mixture of 
miracle ; — from bc^nning to end, all is progressive develop- 
ment, according to a determinate order of things. Has Na- 
ture, during the vast geologic periods, been pregnant, in like 
manner, with the human race ? and is the species, like the in- 
dividual, an effect of progreesive development, induced and 
r^inlated by law ? The assertors of the revived hjpothesis of 
Haillet and lamarck reply in the affirmative. Nor, be it re- 
marked, is there positive atheism inrolved in the belief. God 
might as certunly have ot-iffituited the species by a law of de- 
velopment, as he taaintaint it by a law of derelopment ; — the 
existence of a Firet Great Cause is as perfectly compatible 
with the one scheme as with the other : and it may be neces- 
sary thus broadly to state the &ct, not only in justice to the 
Lamarckians, bat also fairly to warn their non-geolt^cal op- 
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poaents, that in thia contest the old anti-atheistic arguments, 
whether founded on the evidence of design or on the prelimi- 
nary doctrine of final cauaea, cannot be brought to hear. 

There are, however, beliefs, in no degree less important to 
the raoralist or the Christian than eren that in the being of a 
God, which seem wholly incompatible with the development 
hypothesis. !£, dniing a period so vast as to be scarce expres- 
sible by figures, the creatures now human have been rising, by 
almost infinitesimals, from compound microscopic cells, — mi- 
nute vital globules within globules, begot by electricity on dead 
gelatinous matter, — until they have at length become the men 
and women whom we see around us, we must hold either the 
monstrous belief, that all the vitalities, whether those of mo- 
nads or of mites, of fishes or of reptiles, of birds or of beasts, 
are individually and inherently immortal and undying, or that 
human souls are not so. The difference between the dying and 
undying, — between the spirit of the brute that goeth down- 
ward, and the spirit of the man that goeth upward, — is not a 
difference infinitesimally, or even atomically tmall. It pos- 
sesses all the breadth of the eternity to come, and is an t«- 
finitely great difference. It cannot, if I may so express my- 
self, be shaded off by infinitesimals or atoms ; for it is a dif- 
ference which — as there can be no class of beings intennediate 
in their nature between the dying and the undying — admits 
not of gradation at all. What mind, regulated by the ordi- 
nary principles of human belief, can possibly hold that every 
one of the thousand vital points which swim in a drop of stag- 
nant water are inherently fitted to maintain their individuality 
throughout eternity ? Or how can it be rationally held that 
a mere progressive step, in itself no greater or more important 
than that effected by the addition of a single brick to a house 
in the building state, or of a single atom to a body in the 
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growing state, could ever have produced immortality ? And 
yet, if the tpiril of a monad or of a mollusc be not immortal, 
tlien must there either hare been a point in the histoiy of the 
species at which a dying brute — differing from its o&pring 
merely by an inferiority of derelopment, represented by a few 
atoms, mayhap by a single atom — produced an ondying man, 
or man in his present state must be a mere animal, possessed 
of ao inmiortal soul, and as irresponsible for hia actions to the 
God befi>re whose bat he is, in consequence, never to appear, 
as his presumed relatives and prc^enitors the beasts that per- 
ish. Nor will it do to attempt escaping from the difficulty, by 
alle^^ing that God at some certain link in the chain miff At have 
converted a mortal creature into an immortal existence, by 
breathing into it a " living soul ;" seeing that a renunciation 
of any audi direct intaference on the part of Deity in the 
work of creation forms the prominent and characteristic fea- 
ture of the scheme, — nay, that it constitutes the very nucleus 
round which the scheme has ori^nat«d. And thus, though 
the development theory be not atheistic, it is ^ least practi- 
cally tantamount to atheism. For, if a man be a dying crea- 
ture, restricted in his esiatence to the present scene of things, 
what does it really matter to him, for any one moral purpose, 
whether there be a God or no ? If in reality on the same re- 
ligious level with the dog, wolf, and fox, that are by nature 
aiheUu, — a nature most properly coupled with irresponsibility, 
— to what one practical purpose should he know or believe in 
a God whom he, as certEunly as they, is never to meet as his 
Judge ? or why should he square his conduct by the require- 
ments of the moral code, &rther than a low and convenient 
expediency may chance to demand i* 

• Tbc ContJDenUl luwrtors of the deTvlopiBent hypothesis are greatly 
mare frank Chan Chose of onr ovn oountrj, regarding (be "life after 
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\or does the purely Christian objection to the development 
hypothesis seem less, but even more insuperable than that de- 
rived from the prorince of natural theology. The belief which 
is perhaps of all othos most fundamentally essential to the re- 
vealed scheme of salvation, is the belief that " God created 
man upright," and that man, instead of proceeding onward and 
upward from this high and tair beginning, to a yet higher and 
lairer standmg in the scale of creation, sank, and became mo- 
rally lost and d^rade^l. And hence the necessity for that se- 
cond dispensation of recovery and restoration which forms the 
entire burden of Ood's revealed message to man. 1£, accord- 
ing to the developmenttheory, the progress of the "first Adam" 
was an upward progress ; the existence of the " second Adam," 
— that "happier man," according to Milton, whose special 
work it is to " restore" and " regain the blissful seat" of the 
lapsed race, — is simply a meaningless anomaly. Christianity, 



death," and what man has to expect froi 
OS, perishes for e»er ; bat then, ont of hia 
illMltiei. Th« immortality of the soul is, it would seem, an idle figment, 
for there reallj eiiBte no such things as souls ; but is there no comiort in 
being taught, instead, that we are to resoWe into monads and maggots ! 
Job solaced himself with the assnrance that, eien after Horma had de- 
strojed bis body, he was in the flesh to see Ood. Had Professor Oken 
been one of his comforters, he would have sought to restrict his hopes to 
the prospect of li'ing in the worms. " If the orgsuie fundamental sub- 
stance tOTUitt of infusoria," sajs the Professor, " so must the whole or- 
ganic world originate from infusoris. Plants and animals can only be 
metamorpboses of infusoria. This being granted, so also must all or- 
ganiiations eoniiiE of infusoria, and, during their deBtrucCiou, disaolie 
Into the same. Everj plant, exery animal, is oonrerted bj maceration 
into a mucous mass ; this pntrifies, and the moistnre is stocked with in- 
fusoria. Putrefaction is nothing else than a diiision of organisms into 
infusoria, — s reduction of the higher to the primaz7 life. • • • ■ 
Destb is no annihilation, but only a change. One indiTidual emerges out 
of another. Death is only a transition to another life,— not into death. 
This tranaitiOQ from one lile to another tales place through the primary 
condition of the organic, or tbe mucus." (Phyiio-eiaiotopiy, pp. 167-169.) 
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if the derelopment theory be true, is exactly what some of the 
more extreme Moderate divines of the last age used to make 
it, — an idle and unsightly eicrescence on a code of morals that 
would be perfect were it away. 

I may be in error in taking this serious riew of the matter ; 
and, if so, would feel grateful to the man who could point out 
to me that special link in the chain of inference at which, with 
respect to the bearing of the theory on the two theologies, — 
natural and revealed, — the mistake has taken place. But if 
I be in error at all, it is an error into which I find not a few 
of the first men of the age, — represented, as a class, by our 
Professor Sedgwicks and Sir David Brewsters, — have also 
fallen ; and until it be shown to ie an error, and that the de- 
Telopment theory is in no degree incompatible with a belief in 
the immortality of the soul, — in the responsibility of man to 
God as the final Judge, — or in the Christian scheme of salva- 
tion, — it is every honest man's duty to protest against any em 
parte statement of the question, that would represent it as 
ethically an indifferent one, or as unimportant in its theologic 
bearing, save to " little religious sects and scientific coteries." 
In an address on the fossil flora, made in September last by a 
gentleman of Edinburgh, to the 8t Andrew's Horticultural 
Society, there occurs the following passage on this subject : — 
" Life is governed by external condiljons, and new cunditiDns 
imply new races ; but then, as to their creation, that is the 
' mytterff of mt/tterie*.' Are they created by an immediate 
fiat and direct act of the Almightv? or has he originally im- 
pressed life vrith an elasticity and adaplability, so that it shall 
take upon itself new forms and characters, according to the 
conditions to which it shall be subjected ? E^h opinion has 
had, and still has, its advocates and opponents; but the truth 
is, that tcienee, so far as it knows, or rather so for as it has had 
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the honesty and coui^e to rtow, has jet been unable to pro- 
nounce a satisiactory decision. Either 'uJap, it matlerg little, 
physically or morally ; either mode implies the same omnipo- 
tence, and wisdom, and foresight, and protection ; and it is 
only your little religious sects and scientific coteries which 
make a pother about the matter, — sects and coteries of which 
it may be justly said, that they would almost exclude God 
from the management of his own worid, if not managed and 
directed in the way that they would have it." Now, this is 
surely a moat unfair rapresentaCion of the consequences, ethi- 
cal and religious, involved in the development hypothesis. It 
ia not its compatibility with belief in tie existence of a Firat 
Great Cause that has to be established, in order to prove it 
harmless ; but its compatibility with certain other all-impor- 
tant beliefs, without which simple Theism is of no moral value 
whatever, — a belief in the immortality and responsibility of 
man, and in the scheme of salvation by a Mediator and Re- 
deemer. Dissociated from these beliefe, a belief in the exist- 
ence of a God is of as little etkiced value as a belief in the 
existence of the great sea-serpent. 

Let us see whether we cannot determine what the testimony 
of Geology on this question of creation by development really 
is. It is always perilous to under-estimate the strength of an 
enemy; and the danger from the development hypothesis to 
an ingenious order of minds, smitten with the novel fescina- 
tions of physical science, has been under-estimated very con- 
siderably indeed. Save by a few studious men, who to the 
cultivation of Geology and the cognate branches add some 
acquaintance with metaphysical science, the general corres- 
pondence of the line of assault taken up by this new school of 
infidelity, with that occupied by the old, and the consequent 
ability of the ass^lants to bring, not only the recently-forged. 
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hut also the prerionsly-employed artillery into full play along 
its front, has not only not been marked, but even not bo much 
as suspected. And yet, iu order to show that there actually 
it such a correspondence, it can be but necessary to state, that 
the great antagonist points in the array of the opposite lines 
are simply the law of development vemu the miracle of crea- 
tion. The evangelistic Churches cannot, in consistency with 
their character, or with a due regard to the interests of their 
people, slight or overlook a form of error at once exceedingly 
plausible and consummately dangerous, and which is telling 
so widely on society, that one can scarce travel by railway or 
in a steam-boat, or encounter a gronp of intelligent mechanics, 
without finding decided trace of iU rav^ea. 

But ere the Churches can be prepared competently to deal 
with it, or with the other objections of a similar class which 
the infidelity of an age so latgely engaged as the present in 
physical puisuits will be from time to time originating, they 
must greatly extend- thnr educational walks into the field of 
physical science. The mighty change which has taken place 
during the present century in the direction in which the minds 
of the first order are operating, though indicated on the &ce 
of the country in characters which cannot be mistaken, seems 
to have too much escaped the notice of our theologians. Spe- 
culative theology and the metaphysics are ct^nate branches of 
the same science; and when, as in the last and the preceding 
ages, the higher philosophy of the world was metaphysical, the 
Churches took ready cogniEance of the fact, and, in due ac- 
cordance with the requirements of the time, the battle of the 
Evidences was Ibu^t on metaphysical gioimd. But, judging 
from the preparations made ia their colleges and halls, they do 
not now seem sufficiently aware, — though the low thunder of 
every railway, and the snort of erery steam-engine, and the 
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whistle of the wind amid the mies of eveiy electric tel^raph, 
serre t« publish the feet, that it is in the departments of phy- 
sics, not of metaphysics, that the greater minds of the age are 
engaged, — that the Lockes, Humes, Kants, Berkeleys, Uugald 
Stewarts, and Thomas Browns, belong to the past, — and that 
the philosophers of the present time, tall enough to be seen all 
the world over, are the Humboldts, the Aragos, the Agassizes, 
tiie Liebigs, the Owens, the Herschels, the Bucklands, and 
the Brewsters. In that educational course through which, in 
this country, candidates for the ministry pass, in preparation, 
for their office, I find every group of great minds which has 
in turn influenced and directed the mind of Europe for the 
last three centuries, represented, more or less adequately, save 
the last It is an epitome of all kinds of learning, with the 
exception of the kind most imperatively required, because most 
in accordance with the genius of the time. The restorers of 
classic literature, — the Buchanans and Erasmuses, — we see 
represented in our Universities by the Greek and what are 
termed the Humanity courses ; the Galileos, Boyles, and New- 
tons, by the Iifathematical and Natural Philosophy courses ; 
and the Lockes, Kants, Humes, and Berkeleys, by the Meta- 
physical course. But the Cuviers, the Huttons, the Caven- 
dishes, and the Watts, with their successors the practical 
philosophers of the present age, — men whose achievements in 
physical science we find marked on the surface of the country 
in characters which might be read Irom the moon, — are not 
adequately represented ; — it would be perhaps more correct to 
say, that they are not represented at all ;* and the dei^ as a 



* I trust that &t least by bdiI b; then) mnj he an excaptioa elaim«d, 
from tbe ^neral, but, I am aare, wHil-meant, ceoBure of this passage, In 
faroar of the Free Church of Scotlaml. It baa got as its Professor of 
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class suflfer themselves to linger far in the rear of an intelligent 
and accomplished laity, — a fiill age behind the requirements 
of the time. Let them not shut their eyes to the danger which 
is obviously coming. The battle of the Evidences will have as 
certainly to be fought on the field of physical science, as it was 
contested in the last age on that of the metaphysics. And on 
this new arena the combatants will have to employ new wea- 
pons, which it will be the privilege of the challenger to choose. 
The old, apposed to these, would prove but of little avail. In 
an age of muskets and artillery, the bows and arrows of an 
obsolete school of warfare would be found greatly less than 
sufficient in the field of battle, Ibi purposes either of assault or 
defence. 

" There are two kinds of generation in the world," saya 
Professor Lorenz Oken, in bis " Elements of Physio-Philoso- 
phy ;" " the creation proper, and the propagation that is sequent 
thereupon, — or the generatio originaria and teeundaria. Con- 
sequently, no organism has been created of larger size than 
an infusorial point. No organism is, nor ever has one been 
created, which is not microscopic. Whatever is larger has 
not been created, but developed. Man has not been created, 
but developed." Such, in a few brief dermatic sentences, is 
the development theory. What, in order to establish its truth, 
or even to render it in some degree probable, ought to be the 
geolc^cal evidence regarding it? The reply seems obvious. 
In the first place, the earlier fossils ought to be very »mall in 
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size; in the- aecond, very toe in organization. In cutting into 
the stony womb of nature, in order to determiue what it con- 
tained mayhap millions of ages ago, we must espect, if the 
development theory be true, to look upon mete embryos and 
foetuses. And if we find, instead, the fuU grown and the 
mature, then must we hold that the testimony of Geology is 
not only not in aeeordanee with the theory, but in positive 
opposition to it. Such, palpably, is the principle on which, 
in this matter, we ought to decide. What are ihsfacttf 

The oldest organism yet discovered in the most ancient 
geological system of Scotland in which vertebrate remains 
occur, teems to be the Aaterolepi* of Stromness. After the 
explorations of many years over a wide area, I have detected 
none other equally low in the system ; nor have I ascertained 
that any brother-esplorer in the same field has been more 
fortunate. It Is, up to the present time, the most ancient 
Scoteh witness of the great class of fishes that can in this 
case be brought into court ; nay, it is in all probability the 
oldest ganoid witness the world has yet produced ; for there 
appears no certain trace of this order of fishes in the great 
Silurian system which lies underneath, and in which, so far 
as geologists yet know, organic existence first b^an. How, 
then, on the two relevant points, — bulk and organization, — 
does it answer to the demands of the development hypothesis ? 
Was it a mere foetus of the finny tribe, of minute size, and 
imperfect, embryotic iaculty ? Or was it of at least the ordi- 
nary bulk, and, for its class, of the average organization ? 
May I solicit the forbearance of the non-geological reader, 
should my reply to these apparently simple questions seem 
unnecessarily prolix and elaborate ? Peculiar opportunities 
of observation, and the possession of a set of unique fossils, 
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enable me to submit to our palKontologUta a certain amount 
of infonnatiou regarding this ancient ganoid, which they will 
deem at once interesting and new ; and the bearing of my 
statements on the general argument will, I trust, become ap- 
parent ae I proceed. 
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THE RECENT HISTORY OF THE ASTEROLEPIS. 



ITS FAMILY, 



It had been long known to the continental naturalistB, that 
in certain Russian deposits, Tery extensively developed, there 
occur in considerable abundance certain animal oiganisms ; 
but for many years neitber their position nor character could 
be satisfactorily determined. By some tbey ■were placed too 
high in the scale- of organized being ; by others too low. Ku- 
torga, — a writer not very femiliarly known in this country, — 
described the remains as those of mammals ; — the Russian 
rocks contained, he said, bones of quadrupeds, and, in espe- 
cial, the teeth of swine ; whereas Lamarck, a better known 
aatbority, though not invariably a safe one, — for he had a 
trick of dreaming when wide awake, and of calling his dreams 
philosophy, — assigned to tbem a place among the corals. 
They belonged, he asserted, as shown by certain star-like 
markings with which they are fretted, to the Polyparia. He 
even erected for thdr reception a neiv genus of Astrte, which 
he designated, from the little rounded hillock which rises in 
the middle of each star, the genus Montiadaria. It was left 
to a living naturalist, M. Eichwald, to fix their true p<«ilion 
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zoologicuUy among the class of fishes, and to 8ir BodBiick 
Murchison to determine their position geologically as ichtliyo- 
lites of the Old Red Sandstone. 

Sir Roderick, on his return tcom his great Russian cam- 
paigns, — in which he tared fiir otherwise than Napoleon, and 
accomplished more, — submitted to Agassiz a series of tiag- 
ments of these gigantic ganoids ; and the celebrated ichthyolo- 
gist, who had been introduced little more than a twelvemonth 
betbre to the Pleriehtkyi of Cromarty, was at first inclined to 
regard them as the remains of a large cuirassed fish of the 
Cephalaspian type, but generically new. Under this impres- 
sion he bestowed upon the yet unknown ichthyolite of which 
they had formed part, the name Chshniehtk}/; bom the resem- 
blance home by the broken plat§s to those of tlie carpace airt 
plastron of some of the Chelonians. At this stage, howerer, 
the Russian Old Red yielded a set of greatly finer remains 
than it had previously furnished ; and of these, easts were 
transmitted by Professor Asmus, of the University of Dorpat, 
to the British and London Geological Museums, and to Agassiz. 
" I knew not at first what to do," says the ichthyologist, " with 
bones of so singular a conformation that I could reler them to 
no known type." Detecting, however, on their exterior sur- 
faces the star-like markings which had misled Lamarck, and 
which he had also detected on the lesser tragiuents submitted 
to him by Sir Roderick, he succeeded in identifying both the 
ftagments and bones as remains of the same genus ; and on 
ascertaining that M. Eichwald had bestowed upon it, from 
these charai^ristic sculpturings, the generic name AtUrolefnt, 
or star-scale, he suffered the name which he himself had ori- 
ginated to drop. Even this second name, however, which the 
ichthyolite still continues to bear, is in some degree founded 
in error. Its true scales, as I shall by and by show, were not 
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stelliferous, but fretted by a peculiar style of ornament, con- 
■ sistmg of waved anastomosing ridges, breaking atop into an- 
gular-shaped dots, scooped out internally like the letter V ; 
and were evidently intermediate in their character between 
the scales which cover the GlyptolepU and those of the Hdt^ 
tychiui. And the stellate markmgs which M. Eichwald gra- 
phically describes as minute paps rising out of the middle of 
star-like wreaths of little leaflets, were restricted to the dennal 
plates of the bead. 

Agassiz ultimately succeeded in classing the bones which 
had at first so puzzled him, intJi two divisions, — interior and 
dennal; and the latter he divided yet further, though not 
without lirst lodging a precautionary protest, founded on the 
Atreme obscurity of the subject, into cranial and opercular. 
Of the interior bones he specified two, — a super-scapular bone, 
— C$upra-»cajmlaireJ, — that bone which in osseous fishes com- 
pletes the scapular arch or belt, by uniting the scapula to the 
cranium ; and a maxillary or upper jaw-bone. But his world- 
wide acquaintance with existing fishes could lend him no as- 
sistance in determining the places of the dermal bones : they 
formed the mere fragments of a broken puzzle, of which the 
key was lost. Even in their detached and irreduceable state, 
however, he succeeded in basing upon them several shrewd 
deductions. He inferred, in the first place, that the Aalerote^ 
was not, as had been at first supposed, a cuixassed fish, which 
took its place among the Gephalaspians, but a strongly hehned 
fish of that Celacanth family to which the Hohpti/chiM and 
Glyptolepis belong; in the second, that, Uke several of its 
bulkier cogeners, it was in all probability a broad, flat-headed 
animal; and, in the third, that as its remains are found asso- 
ciated in the Itussian beds with numerous detached teeth of 
large size, — the boar-tusks of Kuloi^;a, — which present inter- 
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nally that peculiar microscopic cliaracter on which Frofeeaor 
Owen has erected his Dendrodic or tree-toothed bmilj of 
fishes, — it would in oil likelihood be found dist both bones 
and teeth belonged to the same group. " It appears more 
than probable," he said, " that one day, by the discoTeiy of a 
head or an entire jaw, it will be shown that the genera D«n- 
drodut and Art^ytlepig form but one." As we proceed, the 
lead^ will see how justly the ichthyologist assigned to the 
Att^'ol^nt its place among the Celacanths, and how entirely 
hia two other conjectures regarding it have been confirmed. 
" I have had in general," he concluded, " but small and mu- 
tilated fragments of the creature's bones submitted to me, and 
of these, even the surface ornaments not well preserved ; but 
I hope the immense materials with which the Old Red Sand- 
stone of Russia has furnished the savans of that country will 
not be lost to science ; and that my labours on this interesting 
genus, incomplete as they are, >vill excite more and more the 
attention of geologists, by showing them how ignorant we are 
of all the essential facts concerning the history of the first in- 
habitants of our globe." 

I know not what the savans of Russia have been doing for 
the last few years ; hut mainly through the labours of an in- 
telligent tradesman of Thurso, Mr Robert Dick, — one of those 
workiDg men of Scotland of active curiosity and well-developed 
intellect, that give character and standing to the rest, — I am 
enabled to justify the classification and confirm the conjectures 
of AgaMiz. Mr Dick, after acquainting himself, in the leisure 
hours of a laborious profession, with the shells, insects, and 
plants of the northern locaUty in which he resides, had set 
himself to study its geology ; and with this view he procured 
a copy of the little treatise on the Old Red Sandstone to which 
I have already referred, and which was at that time, as Agas- 
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eiss'a Monognipli of the Old Red fishes had not yet appeared, 
the only work specially devoted to the palteontology of the 
system, so largely developed in the neighbourhood of Thurso. 
With perhaps a single exception, — ^fbr the Thurso rocks do 
not yet seem to have yielded a Pteriehtkyt, — he succeeded in 
finding specimens, in a state of better or worse keeping, of all 
the various ichthyolites which I had described as peculiar to 
the Lower Old Red Stmdstone, He found, however, what I 
had iwt described, — the remains of apparently a very gigantic 
ichthyolite ; and, communicating with me through the me- 
dium of a common friend, he submitted to me, in the first in- 
stance, drawings of bis new set of fossils ; and uldmately, as I 
could arrive at no satisfactory conclusiou Irom the drawings, he 
with great liberaUty made over to me the fossils themselves. 
Agassiz'a Monograph was not yet published ; nor had I an 
opportunity of examining, until about a twelvemonth after, 
the casts, in the British Museum, of the fossils of Professor 
Asmua. Besides, all the little information, derived from va- 
rious sources, which I had acquired respecting the Russian 
C/ielonichthys, — for such was its name at the time, — referred it 
to the cuirassed type, and served hut to mislead. I was assur- 
ed, for instance, that Professor Asmus regarded his set of re- 
mains as portions of the plates and paddles of a gigantic Pler- 
khthys of from twenty to thirty feet in length. And so, as 
I had recc^ised in the Thurso fossils the pecuharities of the 
Holoptyekian (Celacanth) &mily, I at first failed to identify 
them with the remains of the great Russian fish. All the 
larger bones sent me by Mr Dickwere, I found, cerebral; and 
the scales associated with these indicated, not a cuirass-pro- 
tected, but a scale-covered body, and exhibited, in their sculp- 
tured and broadly imbricated surfaces, the well-marked Cela- 
canth style of disposition and ornament. But though I could 
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not recogmee in either bonea or scales the remains of one ich- 
thyolite more of the Old Bed Sandstone, " that could be re- 
garded as manifesting as peculiar a type among fishes as do 
the Ichthyosauri and Plesiosauri among reptiles,"* I was en- 
gaged at the time in a course of enquiry regarding the cere- 
bral derelopment of the earlier vertebrata, that made me deem 
them scarce less interesting than if I could. Ere, however, I 
attempt communicating to the reader the result of my re- 
searches, I must introduce him, in order that he may be able 
to set out with me to the examination of the Atterolepu from 
the same starting point, to the Celacanth iamily, — indisputably 
one of the oldest, and not the least interesting, of its order. 

So Ibt as is yet known, ^ the ^sh of the earliest tbssilife- 
rous system belonged to the placoid or " hroad pUUed" order, 
— a great division of fishes, represented in the existing seas by 
the Sharks and Rays, — animals that to an internal skeleton of 
cartilage unite a dermal covering of points, plates, or spines of 
enamelled bone, and have their gills fixed. The dermal or 
cuticular bones of this order vary greatly in form, according to 
the species or &mily : in some cases they even vary, according 
to their place, on the same individual. Those button-like 
tubercles, for instance, with an enamelled thorn, bent like a 
hook, growing out of the centre of each, which run down the 
back and tail, and stud the pectorals of the thorn-back {Baui 
davata), differ very much from the smaller thorns, with atai- 
formed bases, which roughen the other parts of the creature's 
body ; and the bony points which mottle the back and sides 
of die sharks are, in most of the known species, considerably 

* A{U^'t dneripUon of tbe PurkhAi/t, as quoted bj Humboldt, in bit 
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more elongated and prickly than the points which caret thwt 
fins, helly, and snout The extreme forms, however, of the 
shagreen tubercle or plate seem to be those of the upright 
prickle or spine on the one hand, and of the slant-laid, rhom- 
boidal, scale^haped plates on the other. The minuter thorns 
of the ray (fig. 2, «) exemplify the ex- 
*'g- 2. treme of the prickly type ; the fina, ab- 

j^^^^^^k, domen, and anterior part of the head 
' ^fl^^^^^ ^ ^^^ spotted dog-fish (Scyllium td- 
" ^^^^^^^^ lare), are covered by lozenge-shaped 
little plates, which glisten with enamel, 
and are so thickly set that they cover 
&EBBE^^ '^^ entire sur&ce of the skin (fig 3, b), 

i^^^^^^i^ — *"^ these seem equally illustrative of 
the scale-like form. They are shagreen 
^shatrt^ffhtTh^ir^ek points, passing into osseous scales, with- 
b.SAa;™»^s,MM>".- ""*' 'lo^'ever, becoming really such; 
a piaavi 0/ iht Upprr (imngb they approach them so nearly 
in the shape and disposition of their 
upper disks, that the true scales, also osseous, of the Acan- 
tAotk* tuleatiu (fig. 3, a), a ganoid of the Coal Measures, can 
scarce be distinguished from them, even when microscopically 
examined. It is only when seen in section that the distinc- 
tive difierence appears. The true scale of the A canth, though 
considerably elevated in the centre, seems to have been plant- 
ed on the skin ; whereas the scale-like shagreen of the dog- 
fish is elevated over it on an osseous pedicle or footstalk (fig. 
5, a), as a mushroom is elevated over the sward on its stem ; 
and the base of the stalk is found to resemble in its stellate 

* From Marcbison's Silurlsn Sjatenu 
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character that of a shagreen point of the 
prickly type. The apparent scale is, we S* ' 

find, a bony prickle best at right angles ^A 

a little oTer its base, and flattened into a a ^^| 
rhomboidal disk atop. ^^ 

In small fragments of shagreen (fig- 
2, V), which have been detected in the 
bone-bed of the Upper Ludlow Rocks 
(Upper Silurian), and constitute the 
most ancient portions of this substance »■ Scaia </ Accrah^^ 
known to the paleontologist, the osseous j, shagrtm ct scvh™ 
tubercles are, as in the minuter spikes of atiiam ^arou,; 

the Ray, of the upright thorn-Uke type ; <"'*■ *'«" ^^•^"■^ 
— they merely serve to show that the placoids of the first 
period possessed, like those of the existing seas, an ability of 
secreting solid bone on their cuticular surfaces; and that, 
though at least such of them as hare bequeathed to us speci- 
mens of their dermal armature possessed it in the form ferthest 
removed from that of their immediate successors the ganoidal 
fishes, they resembled them not less in the substance of which 
their dennoskeletal, than in that of which their endoskeletal, 
pfuts were composed. For the internal skeleton in both orders, 
during these early ages, seems to have been equally cartilagi- 
nous, and the cuticular skeleton equally osseous. In the ich- 
thyolitjc formation immediately over the Silurians, — that of 
the Lower Old Red Sandstone, — the ganoids first appear ; and 
the members of at least one of the fomilies of the deposit, the 
Acanths, — a £unily rich in genera and species, — seem to have 
formed connecting links between this second order and their 
placoid predecessors. They were covered with true scales (fig. 
4, a), and their free gills were protected by gill-covers ; and 
so they must he regarded as real ganoids ; but as the shagreen 
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Fig. 4. of the spotted dog-fish neatly approaches, 

in fbnn and character, to gaaoidal scales, 
without heing reolly such, the scales of 
this femily, on the other baad, approach- 
ed equally near, without changing their 
nature, to the shagreen of the placoida, 
Xi^ especially to that of the spiked dojt-fish 

fc 4^^ r^wo* AeantAiaiJ. (Fig. 4, f>.) We 

^iJr even find on their under surfaces what 

lu scaia nf Oumcaif secms to he an approiimarion to the cha- 
tf«™im*pido(«, racteristic footetalk. They so consider- 
Araniiiai. (Bnmaj ahly thicken in the middle from their 
(M^. eight dismewn.) edges inwards (fig. 5, c), as to terminate 
pij., 5. in their centres in obtuse points. With 

^^^^^^ these shagreen-like scales, the heads, 
« .^^^^^ bodies, and fins of dl the species of at 
jKj. least two of the Acanth genera, — Ci«ir- 

aeanthut and Diplaeanthw, — were as 
c •^ y^<«ii"^w thickly covered as the heads, bodies, and 
^\ fins of the sharks are with their sha- 

^^ green ; and so slight was the degree of 

t stciim Bf thagnex. <if imbrication, that the portion of each 
b, vnderKTfaaafio. scale overlaid by the two scales in im- 
t. Biciios 0/ Koia of mediate advance of it did not exceed the 
itpidMm. one-twelfth part of its entire area. In 

i. undtTturfacet^dit. the scalc of the CA^roi^nfAut we find the 
[Utg. eight eiera covered pordon indicated by a smooth, 
narrow band, that ran along its anterior edges, and which the 
fiirr>)ws that fretted the exposed surface did not traverse. It 
may be added, that both gentra had the anterior edge of their 
fins armed with strong spines, — a characteristic of several of 
the Placoid fomiliee. 
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In the Dipterian genera O»teolepi» and Diplopterut the scales 
were more unequivocally such 
than in the Acanths, and more ^' 

removed Irom sh^reeu. The 
under surface of each was tra- 
versed longitudinally by a raiaed " 
har, which attached it to the 
skin, and which, in the trans- 
Terse section, serves to remind one 
of the shagreen footstalk. They 
are, besides, of a rhomboidal 
form ; and, when seen in the 
finer specimens, lying in their 
proper places on what had been 
once the creature's body, they 
seem merely laid down side by 
side in line, like those rows of 
glazed tiles that pave a cathe~ 
dral floor ; but on more careful 
examination, we find that each a, Satia of oumtetiu nncroirpidoitii. 

I -4.1 ^ I _ J I 1 t". Saiitt of an undetcribed gptciH iff 

little tile was deeply grooved on '" aiym^i>.- 

its higher side and end (for it irtie aingie scuieo mag. tvo dianu- 

lay diagonally in relation to the 

head, like the flags of a stone roof (fig. 6, a),— that its lateral 

and anterior neighbours impinged upon it along these grooves, 

to the extent of about one-third its area, — and that it impinged, 

in turn, to the same estent on the scales that bordered on it 

posteriorly and latero-posteriorly. Now, in the Celacanth fe- 

mily (and on this special point the foregoing remarks are in- 

• Tbeee scaleB, which oocnr in a detached state, in a stratified day of 
the Old Red Sundslono, near Cromarty, preeent tor their size a larger ei- 
tent of anier than the scales of anj other ganoid. 



•• 



D,g,i,7?<iT,Google 



34 FAMILY 

tended to bear), the scales, which were generallj of a round or 
irregularly oval form (fig. 6, b), orerlapped each other to as 
great an extent as in any of the exiating fishes of the cycloid 
or ctenoid oideis, — to as great an extent, for instance, as in 
the carp, salmon, or herring. In a slated loof there ia no part 
on which the slates do not he double, and along the lower 
edge of each tier they lie triple ; — there is more of slate cover- 
ed than of slate seen ; whereas in a tile-roof, the covered por- 
tion is restricted to a small strip running along the top and 
one of the edges of each tile, and the tiles do not lie doable in 
more than the same d^ree in which the slates he triple. The 
scaly cover of the two genera of Dipterians to which I have 
refened was a cover on the liU-toof principle ; and this is an 
exceedingly common characteristic of the scales of the gtmoids. 
The scaly cover of the Celacanths, on the other hand, was a 
cover on the tlate-iooi principle ; — there was in some of titeii 
genera about one-third more of each scale covered than ex- 
posed ; and this is so rare a ganoidal mode of arrangement, 
that, with the eiception of the Dipterut, — a genus which, 
though it gives its name to the Dipterian sept, di£fered greatly 
from eveiy other Dipterian, — I know not, beyond the limits 
of the ancient Gelacanth fomily, a single ganoid that possessed 
it. The bony covering of the Celacanths ytaa/artieit removed 
in character from shagi^een, as that of their contempoiaries the 
Acanths approximated to it most nearly ; they were, in this 
respect, the two extremes of their order ; and, did we find the 
Celacanths in but the later geological formations, while (he 
Acanths were restricted to the earU^, it might he urged by as- 
sertors of the development hypothesis, that the amply imbri- 
cated, slate-Uke scale of the latter had been developed in the 
lapse of ages from the shagreen tubercle, by passing in its 
downward course, — broadening and expanding as it descended. 
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— through the minute, scarcely imbricated disks of the Acanths, 
and the more amply imbricated tile-like rhombs of the Dip- 
terians and Falraonisci, until it had reached its foil extent of 
imbrication in the familiar modem type exemplified in both the 
Celacanths and the ordinary fishes. But such is not the order 
which nature has observed ; — the two extremes of the ganoidat 
scale appear together in the same early fonnatioa ; both be- 
come extinct at a period geologically remote ; and the ganoidal 
scales of the existing state of things which most nearly resemble 
those of ancient time are scales formed on the intermediate or 
dle-Toof principle. 

The scales of the Celacantbs were, in almost all the genera 
which compose the family, of great size, — in some species, of 
tfae greatest size to which this kind of int^^iment ever attained. 
Of a Celacanth of the Coal Measures, the Holoptychiu* Hih- 
bmii, the scales in the larger specimens were occasionally from 
five to six inches in diameter. Even in the Holoptychiut Ifo- 
hilueimta, in an individual scarcely exceeding two and a half 
feet in length, they measured from an inch and a half to an 
inc^ and three quarters each way. In the splendid specimen 
of this last species in the British Museum, there occur but 
fourteen scales between the ventrals, though these lie low on 
the creature's body, and the head ; and in a specimen of a 
smaller species, — the Holoptyehiue Andertoni, — but about 
seventeen. The exposed portion of the scale was in meet 
species of the fomily curiously fretted by intermingled ridges 
and fiirrowg, pits and tubercles, which were either boldly re- 
lieved, as in the Hotoptychitu, or existed, as in the Olyptolepi*, 
as slim, delicately chiselled threads, lines, and dots. The 
head was covered by strong plates, which were roughened 
with tubercles either conflueut or detached, or hollowed, as in 
the Bothriolepii, into shallow pits. The jaws were thickly set 
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with an outer range of true Bail teeth, and more thinly with an 
inner range of what seem reptile teeth, that stood up, tall and 
bulky, behind the others, like officers on ho»ebsck seen over 
the heads of their foot^soldiere in front The dmMe fins, — 
pectorals and Tenlzala, — were charact«rized each by a thick 
scale-covered centre, Iringed by the rays ; and they must have 
borne externally somewhat the form of the sweeping paddles 
of the Ichthyosaurian genus, — a peculiarity shared also by the 
double fins of the DipUrw. The nngle fins, in all the mem- 
bers of the family of which specimens hare been ibimd suffi- 
ciently entire to indicate the feet, were four in number, — an 
anal, a caudal, and two dorsal fins ; and, with the exceptioii 
of the anterior dorsal, which was comparatiTcly small, and 
bent downwards along the back, as if its rays had been dis- 
torted when young,* they were all of large size. They crowded 
thickly on the posterior portion of the body, — the anterior dor- 
sal opposite the ventrals, and the posterior dorsal opposite the 
anal fin. The fin-rays of the Twrioiis membere of the &mily, 
and such of their spinous processes as hare been detected, 
were hollow tubular bones ; orrather, Uke the larger pieces in 
the framework of the placoids, they were cartilaginous within, 
and corered externally by a thin osseous crust or shell, which 
alone survires ; and to this peculiarity they owe their family 
name, Celacanth, or " hollow spine." The internal hollow, 
t. e. cartilegiuous centre, wa«, however, equally a characteristic 
of the spinous processes of the Coeeo»teus, In their general 
proportions, the true Celacanths, if we perhaps except one spe- 
cies, — the GlpplolepiB Microlepidotta, — were all squat, robust, 
strongly-built fishes, of the Dirk Hatterick or Balfour-of- Bur- 
ley type ; and not only in the larger specimens gigantic in their 

• A peculiarltj which also occprs in the ftnterior dorsal of the Dipltna. 
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proportions, but remarkable for the stcengtfa and weight of tfaeir 
amiour, even vhen of but moderate stature. The specimen of 
Bolopti/chUu NtAiiittitnui in the Britisli Museum cotild have 
measured little more than three feet from snout to tail when 
most entire ; bat it must hare been nearly a foot in breadth, 
and a bullet would bare rebounded flattened from its scales. 
And such was that ancient Gelacanth family, of which the 
oldest of our Scotch ganoids, — the A»terolepi» of Stromness, — 
formed one of tbe members, and which for untold ages has 
had no living representative. 

Let us now enter on our proposed inquiry regarding the 
cerebral deyelopraent of the earlier vertebrata, and see whether 
we cannot ascertain afi:er what manner the first true brains 
were lodged, and what those modifications were wbicb their 
protecting box, tbe cranium, received in tbe subBec[uent pe* 
riods. Independently of its own special interest, tbe inquiry 
will be found to hare a direct bearing on our general subject. 
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CEHEBRAL DEVELOPMENT OF THE EARUER 
VERTEBRATA. 



ITS APPARENT PRINCIPLE. 



1 T ia held by a class of naturalists, some of them of the highest 
standing, that the skulls of the Tertebrata consist, like the 
columns to which they are attached, of vertebral joints, com- 
posed each, in the more typical forms of bead, as they are in 
the trunk, of five parts or elements, — the centrum or body, the 
two spinous processes which enclose the spinal cord, and the 
two ribs. These cranial vertebra, four in number, correspond, 
it is s^d, to the four senses that have their seat in the head : 
there is the nasal vertebra, the centrum of which is the vomer, 
its spinal processes the nasal and ethmoid bones, and its ribs 
the Uf^jer jaws ; there is the ocular vertebra, the centrum of 
which is the anterior portion of the sphenoid bone, its spinal 
prcicesses the frontals, and its ribs the under jaws ; there is the 
lingnal vertebra, the centrum of which is the posterior sphe- 
noid bone, its spinal processes the parietals, and its ribs the 
hyoid and branchial bones, — portions of the skeleton lai^ely 
developed in fishes ; and, lastly, there is the auditory vertebra, 
the centrum of which is the base of the occipital bone, and its 
spinal processes the occipital crest, and which in the osseoos 
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fishes bears attached to it, as its ribs, the bones of the scapular 
ring. And the cerebral segments thus constmcted we find re- 
presented in typical diagrams of the skull, as leal Tertebrs. 
Professor Owen, in his latelf-published treatise on " The Na- 
ture of Limbs," — a work charged with valuable &ct, and in- 
stinct with philosophy, — figures in his draught of the arche- 
typal skeleton of the Tertebrala, the four vertebrte of the head, 
in a form as unequivocally such as miy of the Tertebr» of the 
neck or body. 

Now, for certain purposes of generalization, I doubt not that 
the conception may have its value. There are in all nature 
and in all philosophy certain central ideas of general bearing, 
round which, at distances less or more remote, the subordinate 
and particular ideas arrange themselves, 

" C jclB .Dd eplcjclB, orb in ort." 

In the clasufications of the naturalist, for instance, all tpedfM 
range round some central generic idea ; all genera round some 
central idea, to which we give the name of ori&r ,■ all orders 
round some central idea of elati ; all classes round some cen- 
tral idea of divition ; and all divisions lound the anterior cen- 
tral idea which constitutes a ktngdom. Sir Joshua Heynolds 
f<»iiis his theory of beau^ on this principle of central ideas. 
" Every species of the animal, as well as of the vegetable crea- 
tion," he remarks, '' may be said to have a fixed or determinate 
fonn, towards which nature is continually inclining, like va- 
rious lines terminating in a centre ; or it may be compared to 
pendulums vibratmg in different directions over one central 
point, which they all cross, though only one of their number 
passes through any other point." He instances, in illustratii^ 
his theory, the Grecian beau ideal of the human nose, as seen 
in the statues of the Greek deities. It formed a straight line ; 
whereas all deformity of nose is of a convex or concave charac- 
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ter, and occuioned by either a risii^ abore or a sinkiDg below 
this medial line of beauty. And it may be of use, as it is tm- 
qnealioiiably of interest, to conceire, after this manner, of a 
certain type of Blteleton, embodying, aa it were, the central or 
primary type of all vertebral skeletons, and consisting of a 
double range of rings, united by the bodies of the Tertebras, as 
the two rings of a figure 8 are united at their point of junc- 
tion ; the upper ring forming the enclosure of the brain, — spi- 
nal and cephalic ; the lower that of the viscera, — respiratory, 
circnlatoiy, and digestive. Such is the idea embodied in Pro- 
ftssor Owen's archetypal skeleton. It is a series of vertebrae 
composing doable rings, — their iratn-rings comparatively small 
in the vertebr» of the trunk, but of much greater sise in the 
vertebrte of the bead. But it must not be fiirgotten, that cen- 
tral ideas, however necessary to the classification of the natu- 
ralist, are not historic iacts. We may safely hold, with the 
philosophic painter, that the outUne of the typical human nose 
is a straight line ; but it would be veiy unsafe to hold, as a 
consequence, that the first men had all straight noses. And 
when we find it urged by at least one eminent assertor of the 
development hypotbesis, — Professor Oken, — that light was the 
main agent in developing the substance of nerve, — that the 
nerves, ranged in pairs, in turn developed the vertebrte, each 
vertebra being but « the periphery or envelope of a pair of • 
nerves," — and that the nerves of those four senses of smell, 
sight, taste, and hearing, which, according to the Professor, 
"make np the head," originated the four cranial vertebne 
whidi constitute the skull, — it becomes us to test the central 
idea, thus converted into a sort of historic myth, hy the reali- 
ties of actual history. What, then, let us enquire, is the real 
history of the cerebral development of the vertebrata, as re- 
corded in the rocks of the earlier geologic periods. 



T,Goo(^le 



OF THE EARLIER VERTEBRATA, 41 

Though the vertebrata existed in the ichthyic form through- 
out the vastl; extended Silurian period, we find in that system 
no remitina of the craoiuin : the Silurian fiehes leem, as has 
been already said (pi^ 29), to haVe been esclusiyely plaeoid ; 
and the piirely cartilaginous box formed by nature for the pro- 
tection of the brain in tim order has in no case been preserved. 
Teeth, and, in at least one or two instances, the minute jaws 
over which they were planted, have been found, but no portion 
of the skull. We know, however, that in the fishes of the 
same order which now exist, the cranium consists of one un- 
divided piece of a cartilaginous substance, set thickly over its 
outer enilace with minute polygonal points pj„ y 

of bone (fig. 7), composed internally of 
star-like rays, that radiate fi'om the centre 
of ossification, and that present, in con- 
sequence, seen through a microscope, the 
appearance of the polygonal cells of a coral 
of the genus Astrfe. The pattern induced "^ mni^-' " 
is that of stars set within polygons. Along (M««-tw«ivo aiuneun.) 
the sides or top of thb unbroken cranial bos, that exhibits no 
mark of suture, we find the perforations through vrhich the 
nerves of smell, sight, taste, and hearing passed ti-om the brain 
outwards, and see that they had failed to originate distinct 
vertebral envelopes for themselves ; they all lodge in one un- 
divided mauraon-house, and have merely separate doors. We 
find, fiirther, that the homotypal ribt of the entire cranium 
consist, not of four, but simply of a single pair, attached to the 
occiput, and which serves both to suspend the jaws, upper and 
nether, in their place under the middle of the head, and to 
lend support to the hyoid and branchial fiamework ; while the 

* From tfae he&d of Raia elavam. 
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scapular ring we find existing, as in tLe higher vertebrata, not 
as a cerebral, but as a cervical or doieal appendage. In the 
wide range of the animal kingdom there are scarce any two 
pieces of organization that less resemble one another in form 
than the Tertebrie of the placoids resemble their skulls ; and 
the difference is not merely estemal, but extends to even their 
internal construction. In both skull and vertebrie we detect 
an union of bone and cartilage ; but the bone of each Tertebra 
forms an internal continuous nucleus, round which the carti- 
lage is arranged ; whereas in the s kull s it is the cartilage that 
is internal, and the hone is spread in granular points over it. 
If we dip the body of one of the dorsal vertebrie of a herring 
into melted wax, and then withdraw it, we will find it to re- 
present in its crusted state the vertebral centrum of a placoid, 
— soft without, and osseous within ; but in order to represent 
the placoid skull, we wonld have first to mould it out of one 
unbroken piece of wax, and then to cover it over with a prim- 
ing of bone-duBt. And such is the effect of this arrangement, 
that, while the skull of a placoid, exposed to a red heat, falls 
into dust, from the circumstance that the supporting frame- 
work on which the granular bone was arranged perishes in 
the fire, the vertebral centrum, whose internal framework is 
itself bone, and so not perishable, comes out in a state of beau- 
Fig. 8. tifiil eutireness, — ^resembling in the tbom- 
^^^k back a squat sand-glass, elegantly fenced 
W fflM roiind by the lateral pillars (fig. 8, b) ; and 
"^ — ^ in the dog-fish (a) a more elongated sand- 
** glass, in which the lateral pillars are want- 
Sjnnai Aisinthiat. ing. Such are the heads and Tcrtebral 
*" 'KaiTefoHWa"' "^ jointe of the existing placoids ; and such, 
(Nit. ■!».) reasonisg from analogy, seem to have been 
the character and construction of the heads and vertebral 
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joints of the placoids of the Silurian period, — earliest bom of 
the vertebratft. 

The most ancient brain-bearing craniums that have come 
down to us in the fossil state are those of the ganoids of the 
Lower Red Sandstone ; and in these fishes the true skull 
appears to hare been as entirely a simple cartilaginous box, 
as that of the placoids of either the Silurian period or of 
the present time, or of tboee existing g^ioids, the sturgeons. 
In the Lower Old Red genera CAeiraeanthui and Dipla- 
canthiu, though the heads aie frequently preserred as amor- 
phous masses of coloured matter, we detect no trace of inter- 
nal bone, save perhaps in the gill-coyers of the first-named 
genus, which were fringed by from eighteen to twenty minute 
osseous nkja. The cranium seems to hare been covered, as in, 
the shark family, by skin, and the skin by minute shagreen-i 
like scales; and all of the interior cerebral framework which 
appears underneath exists simply as faint impressions of an 
undiTtded body, covered by what seems to be osseous points, — 
bony molecules, it is probable, which encrust«d the cartilage. 
The jaws, in the better specimens, are also preserved in the 
same doubttul style ; and this state of keeping is the common 
one in deposits in which erery true bone, however deUcate, 
presents an outline as sharp as when it occupied its place in 
the living animah The dermalor skin-skeleton of both genera, 
which consisted, as has been shown (pages 31, 32) of shagreen- 
like osseous scales and slender spines, both brilliantly ena- 
melled, is preserved entire ; whereas the interior framework of 
the head exists as mere point-speckled impressions ; and the 
inference appears unavoidable, that parts which so invariably 
differ in their state of keeping mjtc, must have essentially dif- 
fered in their substance originally. 

Now, in the Ch^racanthut we detect the first feint indica- 
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tions of a peculiar arrangemeut of the dermal skeleton, in re- 
lation to certtun parts of the skeleton within, which — grcatl; 
more developed in some of ita contemporaries — led to im- 
portant results in the general structure of these ganoids, and 
furnishes the true key to the character of the early ganoidal 
head. In such of the existing placoids as I hare had an op- 
portunity of examining, the only portions of the dermal skele- 
ton of bone which conform in their arrangement to portions 
of the interior skeleton of cartilage, are the teeth, which are 
always laid on a base of skin right over the jaws : there is also 
an approximation to arrangement of a corresponding kind, 
though a distant one, in those hook-armed tubercles of certain 
species of rays which run along the vertebral column ; but in 
the shagreen by which the creatures are covered I have been 
able to detect no such arrangement. Whether it occurs on 
the fins, the body, or the head, or in the scale form, or in that 
of the prickle, it manifests the same careless irregularity. And 
on the head and body of the CAeiracantku*, and on all its fins 
save one, the shagreen-like scales, though laid down more 
symmetrically in lines than true shagreen, manifested an equal 
absence of arrangement in relation to the framework within. 
On that one fin, however, — the caudal, — the scales, passing 
fivim their ordinary rhomboidal to a more rectangular fi)nn, 
ranged themselves in right lines over the internal rays (fig. 9, a), 
and imparted to these such strength as a spUnt of wood or 
whalebone fastened over a fractured toe or finger imparts to 
the injured digit, — a provision which was probably rendered 
necessary in the case of this important otgan of motion, from 
the circumstance that it was the only fin which the creature 
possessed that was not strengthened and protected anteriorly 
by a strong spine. In the CheirokpU, — a contemporary fish, 
characterized, like its cogenera the Cheirof-afUhut and Dipla- 
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eantkut, by shagreen-like scales, but in which the spineg were 
wanting, — we find a &rther deTclopment of Fig. 9. 
the prorision. In all tlie fins the richly-ena- 
melled dermal covering was airaaged in lines 
over the rays (fig. 9, b) ; and the scale, which 
aisumes in the fins, — like the scales on the ! 
tail of the dmracanthia, though somewhat 
more irregularly, — a rectangular shape, is so 
considerably elongated, that it assumes for its 
normal character as a scale, that of the joint 
of an external ray. A similar airangemeiit of 
external protection takes place in this genus 
over the bones of the head ; the cartilaginous 
jaws receive their osseous dermal corering, and, 
with these, the hyoid bones, the opercules, and %■ Ftnim <,/ »«. 
the cranium. And it is in these dermal plates, omsMw!* 
which covered an interior skull, of which, save ''■ "^i™ "f ""*- 

dalfino/Cktir. 

in one genus, — the IHptervt, — not a vestige oM* oummK- 
remains in any of the Old Red fishes thus ,j,'^hreedi» 
protected, that we first trace what seem to be **"■' 

the homologues of the cranial bones of the osseous fishes, — at 
least their homologues so far as the etitietdar can represent 
the internal. They appear for the fiist time, not as modified 
spinous processes, broadened, as in the carpace of the chelo- 
nians, into otseout plates, but like those eomeait* external 
plates of this order of reptiles (known in one species as the 
tortoise-shell of commerce), the origin of which is purely cuti- 
cular, and which evince so little correspondence in their divi- 
sions with the sutures of the bones on which they rest^ that 

* Tbe darker, upper patch in this figure Indicates a portion io vblcli 
the lealei of the &os in the fossil slate still retain their eDimel ; — the 
lighter, B portloD ttom which the enamel has dlsappeBred. 
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they have heen imtanceil, in their relation to the joinings be- 
neath, aa admirable illustrations of the croti-bandinff of the 
mechanician. 

In the heads of the osseous fishes, the oranitim proper, though 
consisting, like the sIculU of birds, reptiles, and mammals, of 
several bones, exists from snout to nape, and from mastoid to 
mastoid, as one unbroken box ; whereas all the other bones of 
the head, such as the maxillaries and inter-maxillaries, ' the 
lower jaws, the opercular appendages, the branchial arches, 
and the branchiostegous rays, are connected but by muscle and 
ligament, and fall apart under the putretactire influences, or 
in the process of boiling. This unbroken box, which con* 
sists, in the cod, of twenty-five bones, is the homohgue of that 
cranial box of the placoids which consists of one entire piece, 
and the homotype, according to Okeii, of the bodies and spinal 
processes of four vertebr® ; while the looser bones which drop 

I away represent their ribt. The upper surface of the box, — 
that extending from the nasal bone to the nape,-~is the only 
part over which a dermal bnckler could be laid, as it is the 
only part with which the external skin comes in contact ; and 
so it is between this upper surface and the cranial bucklers of 
the early ganoids that we have to institute comparisons. For 
it is a curious fact, that, with the exception of the Old Bed 
genera Acanthodui, Cheiracantku*, and Diplacanthiu* all the 
ganoids of the period in which ganoids first appear have der- 
mal bucklers placed right over their true skulls, and that these, 
though as united in their parts as the bones proper ta the cra- 
nium in quadrupeds and fishes, are composed of several pieces, 
furnished each with its independent centre of ossification. The 
Dipterians, the Celacanths, the Cepbalaspians, and at least one 

■ The AuntbB of the Coal Mesanrss possess tbe ontnuil buekler. 
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genus placed rather doubtfully among the Acanths, — the genus 
Cheirolepi», — all possessed cranial bucklers, extending from the 
nape to the snout, in whicb. the plates, various, in the several 
genera, in form and position, were fast toldered together, though 
in every instance the lines of suture were distinctly marked. 

On each side of this external cranium the various cerebral 
plates, like the corresponding cerebral rilt in the osseous fishes, 
were free, at least not anchylosed together ; and some of their 
number unequivocally performed, in part at least, the fiinc- 
tions of two of these cerebral ribs, viz. the upper and under 
jaws, with those of the opercular appendices attached to the 
latter. In the cod, as in most other osseous fishes, the upper 
portion of the cranium consists of thirteen bones, which repre- 
sent, however, only seven bones in the human skull, — the 
nasal, the frontal, ihe two parietal, the occipital, and one-half 
the two temporal bones. And whereas in man, and in moat 
of the mammals, there ate four of these placed in the medial 
line, — the four which, according to the assertors of the verte- 
bral theory, form the spinal crests of the four cerebral ver- 
tebrte, — in the cod there are but three. The super-occipital 
bone, A {fig 10), pieces on to the superior frontal, C, C, C ; 
and the parietals, B, B, which in the human subject form the 
upper and middle portions of the cranial vault, are thrust 
out laterally and posteriorly, and take their places, in a subor- 
dinate capacity, on each side of the super-occipital. This is 
not an invariable arrangement among fishes ; — in the carp 
genus, for instance, the pariefala assume their proper medial 
place between the occipital and frontal bones: bat so very ge- 
neral is the displacement, that Professor Owen regards it as 
characteristic of the great ichthyic class, and as the first ex- 
ample in the vertebrata, reckoning from the lower forms up- 
wards, of a sort of natural dislocation among the bones, — " a 
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modification," he remarks, " which, sometimeB accompanied 

by great change of place, has tended moat to obscure the es- 

Fig. 10. 



* ProfeuorOwen, in fliiogthe bomolaguea of the icbtbjic bead, differs 
consldersblT from Ou'ler ; bat his ilew seems to be tbe correct one. It 
will. bowoTer, be *een, thst in m; attempted comparison of tbe divisions 
of the Ancient ganoid cranium nith those of the cranlums of eilstlng 
fishes, the points at issue between the two great naturalists are not in- 
Tolved, otherwise than as mere qnestiona of words. Tbe matter to be 
detennlned, for instance, is net whether plate A In the eknlls of tbe cod 
and CoeoMtai be tbe homologue of a part of tbe ocoipital or that of a 
part of the parietal bones, but whether plate A in the Cocauteiu be the 
homologue of plate A in tbe cod. The letters employed I bate borrowed 
from Agassiz's restoration of the Cottuitau; whereas tbe figures inti- 
mate divisions which the imperfect keeping of the spe^mens on which 
tho icJ.ihjologist founded did not enable him to detect. 
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sential nature of parts, and their true relations to the arche- 
type." 

Of all the cerebral bucklers of the first ganoidal period, that 
which best bears comparison with the cranial front of the cod 
is the buckler of the Coccotteu* (fig. 11). The general pro- 

Fig. 11. 




portions of this portion of the ancient Cephalaapian head differ 
Tery considerably fivm those of the corresponding part in the 
modem cycloid one ; but in their larger diTisions, the modem 
and the ancient answer bone to bone. Three osseous plates in 
the Coccottem, A, C, I, the homologues, apparently, of the oc- 
cipital, frontal, and nasal bones, range along the medial line. 
The apparent homologues of the parietals, B, B, occupy the 
same position of lateral displacement as the parietals of the 
cod and of so mauy other fishes. The posterior frontals, F, 
and the anterior frontals, D, also occupy places relatiYely the 
same, though the latter, which are of greater proportional size, 
encroach much further, laterally and posteriorly, on the supe- 
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riot frontal, C, C, C, and sweep entirely round the upper half 
of tlie eye-orbits, 2, 2, The apparent homologue of the mas- 
toid boue, E, which also occupies its proper place, joins pos- 
teriorly to a bttle plate, a, imperfectly separated in most spe- 
cimens from the parietal, but which seems to represent the 
par-occipital bone ; and it is a curious circumstance, that as, 
in many of the osseous fishes, it is to these bones that the forks 
of the scapular arch are attached, they unite in the Coctmteut 
in furnishing, in like manner, a point of attachment to the 
cuirass which covered the upper part of the creature's body- 
Of the true internal skull of the Coccogteu* there remains not 
a vestige. Like that of the sturgeon, it must have been a 
perishable cartilaginous box. 

In the Oalmlepis, — an animal the whole of whose external 
head I have, at an expense of some labour, and from the ex- 
amination of many specimens, been enabled to restore, — the 
cranial buckler {fig, 12) was divided in a more jwbitrary style; 

Fig. 12. 
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and ne fiad that an element of uncertainty mingles with our 
iufereuces regarding it, Irom the circumstance that some of its 
lines of division, especially in the frontal half (C), were not 
real sutures, but formed merely a kind of surface tatooing, re- 
sorted to as if for purposes of ornament The cranial buckler 
of the AtUrol^ns exhibited, as I shall afterwards have occa- 
sion to show, a similar peculiarity ; — both had their pseudo- 
sutures, resembling those false joints introduced by the archi- 
tect into his rusticated basements, in order to impart the ne- 
cessary aspect of regularity to what is technically termed the 
coursing and banding of the fabric. We can, howerer, deter- 
mine, notwithstanding the induced obscurity, that the buckler 
of the OsteolepU was divided transversely in the middle into 
two main parts or segments, — an occipital part. A, and a Iron- 
tal part, C ; and that the occipital s^ment eeeaig to include, 
with the super-occipital, the parietal plates, and the frontal 
segment to comprise, with its own proper plates, not only the 
nasal plate, but also the representative of the anterior part of 
the vomer. All, however, is obscure. But in our uncertainty 
regarding the homologies of the divisions of this dermal buck- 
ler, let us not foi^t the bomoli^ of the buckler itself, as a 
whole, with the upper surfece of the true cranium in the osse- 
ous fishes. Though frequently crushed aud broken, it exists in 
all the finer specimens of my collection as a symmetrically-ar- 
ranged collocation of enamelled plates, as firmly imited into 
one, though they all indicate their distinct centres of ossifica- 
tion, as the corresponding surface of the cranium in the carp 
or cod. The lat«ral curves in the frontal part immediately op- 
posite the lozenge-shaped plate in the centre, show the posi- 
tion of the eyes, which were placed in this genus, as in some 
of the carnivorous turtles, immediately over the mouth, — an 
arrangement common to almost all the ganoids of the Lower 
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Old Red Sandatone. The nearly GemiciiculaF termination of 
the buckler fiinued the creature's snout ; and in the OtUoUjnt, 
aa in the QlyptoUpit and the Diploplenu, it was armed on the 
under aide, like the vomer of so many of the osseous fishes, 
with sharp teeth. Some of my gpecimoiB indicate the nasal 
openings a little in advance of the eyes. The nape of the 
creature was covered by three detached plates (9, 9, 9, fig. 13), 

Fig. 13. 




which rested upon the anterior dorsal scales, and whose homo- 
loguea, in the osseous fishes, may possibly be found in those 
bones which, uniting the shoulder- bones to the head, complete 
the scapular belt or ring. The operculum we find represented 
by a single plate (8), which had attached to it, as its sub-oper- 
culum, a plate (13) of nearly equal size (see figs. 14 and 15). 
Four small plates (2, 4, 5) formed the under curve of the eyes, 
described in many of the osseous fishes by a chain of small 
hones or ossicles ; a considerably larger piate (6) occupied the 
place of the pre-opercular bone; while the intermaxillaries had 
their representatives in well-marked plates (3, 3), which, in 
the gen^a Oiieolepig, Dij^opterui, and GlyptolspU, we find 
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bristling so thickly with teeth along their lower edges, as to 
remind us of the miniature saws employed by the joiner in 
cutting oat circular holes. These external intermaxillaries did 
not, as in the perch or cod, meet in front of die nasal bone and 
vomer, but joined on at the side, a little in advance of the 
eyes, leaving the rounded termination of the cranial buckler, 
which, like the intermasillaries, was thickly fringed with teeth, 
to form, as has been already said, the creature's snout. 

The under jaws (10), — strongly marked bones in at least all 
the Dipterian and Celacanth genera, — we find represented ex- 
ternally by massy plates, bearing, like those of the upper jaw, 
their range of teeth. As shown in a well-preserved specimen 
of the lower jaw of ffoloptyehim, in my possession, they were 
boxes of bone enclosing a bulky nucleus of cartilage, which, 
in approaching towards the condyloid process, where great 
strength was necessary, was thickly traversed by osseous can- 
cilli, and passed at the joint into true bone. It is in the under 
jaws of the earlier ganoids that we first detect a true union of 
the external vnth the internal skeleton, — of the bony plates 
and teeth, which vrere mere platei and teeth of the ikin, with 
the osseous, grannlar walls which enclosed at least all the 
larger pieces of the cartilaginous framework of the interior. 
The jaws of the Itays and Sharks, formed of cartil^;e, and 
fenced round on their sides and edges by their thin coverings 
of polygonal, bony points, are wholly internal and skin-covered ; 
whereas the teeth, which rests on the soft cutlcular int^ument 
right over tbem, are as purely dermal as the surrounding sha- 
green. Teeth and shagreen may, we find, be alike stripped off / 
with the skin. Now, in the earlier ganoidal jaw, two sides of 
the osseous box which it composed, — its outer and under sides, 
— were mere dermal plates, representative of the skin of the 
placoids, or of their sh^reen ; while the other two, — its upper 
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and inner udm, — seem to bsve been developments of the in- 
terior osseous walls ivhich corered the endo-skeletal cartilage. 
Nor ia it unworthy of notice, that the reptile fishes of the period 
had their iekthyie teeth ranged along the edge of an exterior 
dermal plate which covered the outer aide of the jaw ; whereas 
the reptile teeth were planted on a plate, apparently of interior 
development, which covered its upper edge. It is further 
worthy of remark, that while the teeth of the dermal plate, — 
themselves also dermal, — seem as if they had grown out of it, 
and formed part of it, — juat as the teeth of the placoids grow 
out of the skin on which they rest, — the reptile teeth with- 
m rested in shallow pits, — the first feint indications of trae 
sockets. 

That space included within the arch formed by the sweep 
of the under jaws, which we find occupied in the osseous fishes 
by (he hyoid bones and the branchioalegous rays, was filled up 
estemally, in the Dipteriana and Celecanths, and in at least 
two geiiera of Gephalaspians, by dermal plates ; in some genera, 
such as the Diploptena, by three plates ; in others, such as the 
Holoptychiia and Gl^ptol^m, by two ; and in the Atterolepie, 
as we shall af^rwards see, by but a single plate. In the 0»- 
teolepie these plates were increased to five in number, by the 
little plates 14, 14 (fig. 14), which, however, may have been. 
also present in the Diplopttrut, though my specimens fail to 
show them. The general arrangement was of much elegance, 
— an elegance, however, which, ia the accompanying restora- 
tions, the dislocation of the free plates, drawn apart to indicate 
their detached character, somewhat tends to obscure. But the 
position of the eyes must have imparted to the animal a sinister, 
reptile-like aspect. The profile (fig. 15), the result, not of a 
chance-drawn outline, arbitrarily filled up, but produced by 
the careful arrangement in their proper places of actually ex- 
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Fig. 14. 




Isting plates, serves to show how perfectly the dermo-skeletal 
parts of the creature were developed. Some of the animals 
with which we are best acquainted, if represented by but their 
cuticular skeletons, would appear simply as sets of hoots and 
boms ; even the tortoise or pengolin would present about the 
head and limbs their gaps and missing portions ; but the der- 
mo-skeletoaof the OsteolepU, composed of solid bone, and bur- 

■ The jaws (10, 10) which exhibit in the print their fittest breadili, 
iTOuld have presented in the animal, seen from beneath, their narrow 
nnder edges, and have nearl; fallen into the line of the sub-operrular 
plates {13, 13). 
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Dished with enamel, exhibited the outline of the fish entire, 
and, with the exception of the eye, the filling up of all its ex- 
ternal parts. Presenting outside, in its original state, no frag- 
ment of akin or membrane, and with even its most flexible or- 
gans sheathed in enamelled bone, the Otteolopii must hare 
very mnch resembled a fish carved in ivoiy ; and, though so 
effectually cov^ed, it would have appeared, -from the circum- 
stance, that it wore almost all its bone outside, as naked as the 
human teeth. - 

The cranial buckler of the Dipl^terti* (fig. 16) somewhat 
Fig. 16. 




resembled that of its fellow-dip terian the Otfeolepis, but ex- 
hibited greater elegance of outline. My first perfect specimen, 
which I owe to the kindness of Mr John Mill» of Thurso, an 
intelligent geologist of the north, reminded me, as it glittered 
injet^black enamel on its ground of pate gray, of those Roman 
cuirasses which one sees in old prints, impaled on stakes, as 
the central objects in warlike trophies formed of spoils t^en in 
battle. The rounded snout represented the chest and shoulders, 
the middle portion the waist, and the expansion at the nape 
the piece of dress attached, which, like the Highland kilt, fell 
adown the thighs. The addition of a fragment of a sleeve, 
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suspended a little over the eye-orbits, 2, 2, seemed all that was 
necessary in order to render the resemblance complete. But 
as I disinterred the buried edges of the specimen with a graver, 
the form, though it grew stil! more elegant, became less that 
of the ancient coat of armour ; the snout expanded into a semi- 
circle ; the eye-orbits gradually deepened ; and the entire fos- 
sil became not particularly like anything but the thing it once 
was, — the cranial buckler of the Diplopterm. The print (fig. 
17) exhibits its true form. It consists of two main divisions. 
Fig. 17. 



occipital (A) and frontal (C, fig. 16) ; and in each of these 
we find a pair of smaller dirisions, with what seem to be indi- 
cations of yet further division, marked, not by lines, but by 
dots ; though I have hitherto failed to determine whether the 
plates which these last indicate possess their independent cen- 
tres of ossification. Kot unftequently, however, has the com- 
parative anatomist to seek the analogues of two bones in one ; 
nor is it at least more difficult to trace in the fiunt divisioDS of 
the cranial buckler of the Diplopterw, the homologues of the 
occipital, frontal, parietal, and nasal bones, than to recognise 
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the representHtives of the carpals of the middle and ring finger 
in man, in the caDnon bone of the fore leg of the ox. I may 
mention in passing, that the little central plate of the frontal 
diTiaion (1, fig. 16), which bo nearly corre<poiidg with that of 
the Otteolqni, occuired, though with coneiderable variations of 
form and homology, and some slight difference of position, in 
all the ganoids of the Old Red Sandstone whose craniums were 
covered with an osseous bucklo', and that its place was always 
either immediately between the eyes or a very little over them. 
Its never-failing recurrence shows that it must have had tome 
meaning, though it may he difficult to say what* In the 
Coeeottem it takes the £>rm of the male dovetail, which united 
the nasal plate or snout to the plate representative of the su- 
perior JTontal. Of the cartilaginous box which formed the in- 
terior skull of either Otteolepu or ZHplopterw, or, with but one 
exception, of the interior skulls of any of their contemporaries, 



■ I had the plesBore, in the nuCamn o( 18A0, of introdncing Professor 
Owen and Sir Philip Egerton to my collection. Both gentlemen eipressed 
adesire of seeing the little pUte referred to here, as exhibited in the era* 
nial buckler of the D^lopterui, and I snhmltted it to their inspection in a 
spetimen irhich— nhollj detached from the rock— exhibits it both in 
the onler sod Inner surface of the bnckler. " It Is eiactl; as I had 
(banght," said the distingnished comparatiie anatomist to Sir Philip, — 
"a prolongation of the brain, extended downwards from the brain-pan 
proper, and bore at its termination Che pineal gland, which rested im- 
madiatelj under the little plate, and had its place indicated by it." The 
reTelatlon struck me as fraught with a eUrtling interest.' A disciple of 
that ancient school of anatomy whinh regarded this gland as the seal of 
the soul, woald have aald that the eter-rcoarring plate which had at- 
tracted my notice, marked the exact point where the lavl of an ancient 
fish of the Old Red Sandstone took Its stand,— like the maa stationed a- 
head on the outlook in a yessel,— to will and direct the creature's course. 
During my subsequent exploratory labours among the rocks of C^thness 
I kept the remark of Professor Owen in liew, and sncoeeded in procur- 
ing, through the kindness of Mr Dick, part of a craninin of .DiplopMrvt, 
which Illustrates, and — so far at least as the solid and less psrisbable 
parts of an organism can confirm so occnit a coneloslon regarding the 
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no trace, as I have said, has yet been detected. The solitary 
exception in the case is, however, one of singular interest. 

In a collection of miscellaneous fr^ments sent me by Mr 
Dick from the rocks of Thurso, I detected patches of ]<aiatvA 
teeth ranged in nearly the quadratures 
of circles, and which radiated outwards 
from the teciangular angle or centre (fig. 
19, it). And with the patches tbete 
occurred plates exactly resemblbg the 
barbed head of a dart (a), with which I 
had been previously acquainted, though 
I had failed to determine their charac- 
ter or place. The excellent stale of 
keeping of some of Mi Dick's specimens 
now enabled me to trace the patches with 
the dart-bead, and several other plates, 
3 piece of palatal mechanism. 




>j a Bineiilai'ly delicate operBCor, the slowly digiaMgratin^ wenr of the 
inrf, Bnd exbibltB, in congequence, the walls of the brain- ohamber lying: 
inderiieat)), with a Darrow csiiCy or psBsage running downwards from 
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ranged along the base of a ganoidal craoium, coTered exter- 
nally by a brightly enamelled buckler, and to ascertain the 
order in which patches and plates occurred. And then, though 
not without some labour, I succeeded in tracing the backler 
with which they were associated in the JMpter^u^ — a fish 
which, though it has engaged the attention of both Curier 
and Agasaiz, hoa not yet been adequately restored. It is oti 
an ill-preserred Orkney specimen of the cranial buckler of this 
ganoid that the ichthyologist has founded his genus Polyphrae- 
toi ; while groupes of its palatal teeth from the Old Red of 
Russia he refers to a supposed placoid, — the Ctenodta. But 
in the earlier ages of palteontulogical research, mistakes of this 
character are wholly unaToidable. The paUeontoli^ist who 
did avoid them would be either very unobservant, or at once 
very rash and very fortunate in his guesses. If, ere an entire 
skeleton of the Ichlhyoiaunu had turned up, there had been 
found in different localities, in the Liasic formation, a beak 
like that of a porpoise, t«eth Uke those of a crocodile, a head 
and sternum like those of a lizard, paddles Uke those of a ceta- 
cean, and vertebrsB like those of a fish, it would have been 
greatly more judicious, and more in accordance with the ex- 
isting analogies, to have erected, provisionally at least, places 
specifically, or even generically separated, in which to range 
the separate pieces, than to hold that they had all united in 
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one anomalous genus; though such was actually the fact. 
And Agassiz, in erecting three distinct genera out of the frag- 
ments of a single genus, has in reaUty acted at once more pru- 
dently and more intelligently than if he had avoided the error 
by rashly uniting parts which in their separate state indicate 
no tie of connection. 

The cranial buckler of the Dipterug (fig. 20) was, like tliat 

Fig. 20. 



of the Diphpteru), of great beauty. In some of the (inest 
specimens, we find the enamel ornately tatooed, within the 
more strongly marked divisions, by delicately traced lines, 
waved and bent, as if upon the principle of Hogarth ; and 
though the lateral plates are numerous and small, and defy 
the homol<^ies, we may trace in those of the central line 
from the snout to the nap^ what seem to he the representa- 
tives of the frontal, parietal, and occipital bones, — the parie- 
tals ranging, as in the skull of the carp and in that of most of 
u their proper place in the medial line. But 



T,Goo(^le 



02 CEREBRAL DEVELOPMENT 

the under surface of the cranium, armed, as on the upper sur- 
face, with plates of hone, exhibited au arrangement still more 
peculiar (fig. 21). Its rectangular patches of palatal teeth, 

Fig. 21. 



its curious dart-like bone, placed immediately behind these, 
and attached, as the dart-head is attached to the handle, to a 
broad lozenge-shaped plate, with two strong osseous processes 
projecting on either side, forms such a tout ensemble as is 
unique among fishes. Even here, however, there may be 
traced at least a shade of bomological resemblance to the 
bones which form the base of the osseous skull. The siugle 
lozenge-shaped plate (A), with its dart-head, occupies the 
place of the basi-occipital ))One ; the posterior portion of the 
vomer seems represented by a strong faouy ridge, extending 
towitf-ds the snout ; two sepanit« bones, each bearing one of 
the angular patches of teeth, corresponds to the sphenoid bone 
and its ahe ; and attached laterally to each of these, there is 
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the strong projecting heme, on which the lower jaw appears to 
liave hiaged, and which apparently represents the lower part 
of the temporal bone. Not leaa aingidar was the form of the 
creature's under jaw (fig. 22). I know no otJier fish-jatv, 

Fig. 22. 



whether of the recent or the extinct races, that might be so 
readily mistaken for that of a quadruped. It exhibits not only 
the condyloid, but also the coronoid processes ; and, save that 
it broadens on its upper edges, where in mammals the grinders 
are placed, so as to fiimish field enough for angular patches of 
teeth, which correspond with the angular patches in the pa- 
late, it might be r^;arded, found detached, as at least a repti- 
lian, if not mamraalian, bone. The disposition of the palatal 
teeth of the Diptems will scarce fail to remind the mechanist 
of the style of grooving resorted to in the formation of mill- 
stones for the grmding of flour ; nor is it wholly improbable 
that, in correspondence with the rotatory motion of the stones 
to which the grooving is specially adapted, jaws so hinged 
may hare possessed some such power of lateral motion as that 
exemplified by the human subject in the use of the molar 
teeth. 

The protection afforded by the osseous covering of both the 
upper aud under surfiice of the cranium of this ichthyolite has 
resulted, in several instances, in tiie preservation, though al- 
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ways in a greatly compressed state, of the cranium itself and 
the consequent exhibition of two veij' important cranial cavi- 
ties, the brain-pan proper, and the passage through which the 
spinal cord passed into the brain. In the sturgeon the br^ 
occupies nearly the middle of tbe head ; and there is a consi- 
derable part of the occipital region traversed by the spiue in a 
curved channel, which, seen in profile, appears wide at the 
nape, but considerably narrower where it enters the brain-pan, 
and altogether Tery much resembling the interior of a minia- 
ture hunting-horn. And such exactly was the arrangement of 
the greater cavities in the head of the Diplerat. The portion 
of the cranium which was overlaid by what may be regarded 
as the occipital plate was traversed by a cavity shaped like a 
Lilliputian bugle-horn ; while the hollow in which the brain 
was lodged lay under the two parietal plates, and the little 
elliptical plate in the centre. The accompanying print (fig.23), 

Fig. 23. 



though of but slight show, may be regarded by tte reader 
with some little interest, as a not inadequate representation of 
the most ancient brain-pain on which human eye has yet 
looked, — as, in short, the type of cell in which, myriads of ages 
ago, in at least one genus, that mysterious substance was 
lodged, on whose place and derelopment so very much in tbe 
scheme of creation was destined to depend. The specimen 
from which tbe figure is taken was laid open laterally by 
chance exposure to tbe waves on the shores of Thurso ; an- 
other specimen, cut longitudinally by the saw of the lapidaiy, 
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yields a dmikr section, but greatly more compreg§ed in the 
cavities ; <m which, of course, as unsupported hollows, the 
compremon to which the entire cranium had been espoaed 
chiefly acted. When the top and bottom of a box are vio- 
lently forced together, it is the empty space which the bos 
encloses that is annihilated in consequence of the Tiolence. 

It is deserrii^ of notice, tbat the analc^ea of the cranial 
cavities in this ancient ganoid shoidd point so directly on the 
cranial cavities of that special ganoid of the present time 
which unites a true skull of cartilage to a dermal skull of 
osseous plates, — a circumstance strongly corroborative of the 
general evidence, negative and poeitiTe, on which I have con- 
cluded that the true skulls of the first ganoids were also carti- 
laginous. It is further worthy of observation, that in all the 
sections of the cranium of Diptena wbich I have yet exa- 
mined, the internal line is contumous, as in the placoids, 
IVom nape to snout, and that the true dcull presents no trace 
of those cerebral vertebrte of which dnills are regarded by 
Oken and his disciples as developments. Historically at 
least, the progress of the ichthyic bead seems to have been a 
prc^ess from simple cartilaginous boxes to cartilaginous boxes 
covered with osseous plates, that perform the functions, whe- 
ther active or passive, of internal bones ; and then from ex- 
ternal plates to the interior bones which the plates had pre- 
viously represented, and whose proper work (hey had done. 

The principle vrhich rendered it necessary that the divisions 
which exist in the dermal skulls of the first ganoids should so 
closely correspond with the di^sions which exist in the inter- 
nat skulls of the osseous fishes of a greatly later peril>d, does 
not seem to lie lar from the surface. Of the solid parts of the 
ichthyic head, a certain set of pieces afford protection to the 
brain and cerebral nerves, and to some of the organs of the 
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senaes, such as those of seeing and hearing ; while another 
certain set of pieces constitute the A-ameirork through which 
an important class of functtoaa, manducatory and respiratory, 
are performed. The protective bones of merely pasnve func- 
tion are fixed, whereas the bones of active Innction, such as 
the jaws, the osseous framework of the opercules, and the 
hyoid bones, are to the necessary extent free, >. e. capable of 
independent motion. Of course, the detached character neces- 
sary to the free ce>«bral bones would be equally necessary in 
cerebral plalet united derm^ly to the piecea of the cartilagi- 
nous framework, whicli performed in the ancient fish the 
frmctions of these free bones. And hence jaw plates, oper- 
cular plates, and hyoid plates, whose homid<^c^ relation with 
recent jaws and opercular and hyoid bones cannot be mis- 
taken. They were operative in performing identical mecha- 
nical functions, and had to exist, in consequence, in identical 
mechanical conditions. And an equally simple, though some- 
what diflerent principle, seems to have regulated the divisions 
of the fixed cranictl bucklers of the Old Bed ganoids, and to 
have determined their homoli^es with the fixed cerebral 
bones of the osseous fishes. 

These cranial bucklers, extending from nape to snont, pro- 
tected the exposed upper sut&ce of the cartilaginous skull, 
and conformed to it in shape, as a helmet conforms to the 
shape of the head, or a breastplate to the shape of the chesL 
And as the cartilaginous heads resembled in general outline 
the osseous ones, the bnckler which covered their upper sur- 
&ce resembled in general outline the upper surface of the 
osseous skull. It was in no case entirely a fiat plate ; but in 
every species rounded over the snout, and in most species at 
the sides ; and so, in order that its characteristic proportions 
might be preserved throughout the various stages of growth in 
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the head which it covered, it had to be formed from several 
distioct centres of ossification, and to extend in area aiound 
the edges of the plates originated frijm these. The worlnoan 
finds no difficulty in adding to the size of a piece of straight 
wall, whether hj heightening or lengthening it ; but he cannot 
add to tie size of a dome or arch, without first taking it down, 
and then erecting it anew on a larger scale. In the domes and 
arches of th« animal kiogdom, the problem is solved by build- 
ing them up of distinct pieces, few or many according to the 
demands of the figure which they compose, and then rendering 
these pieces capable of increase along their edges. It is on tbis 
principle that the Cystidea, the Echinidte, the Chelonian car- 
pace and plastron, and the skulb of the osseous verlebrata, are 
constructed. It is also the principle on which the cranial 
bucklers of the ancient ganoids were formed.' And from the 

■ Id all probabilitj it is likowiae the principle of the placoid skull. 
Tbe nnmsroas osseoae points b; wbicli tlie lacnr is encrusted, each ca- 
pable of increase at the edges, Beam the minute bricks of an ample dome. 
It Is possible, however, that uew points ma; be formed la the interstices 
between the first formed ones, as what anatomists term the triquetTa or 
Wormiana form between the serrated edges of the lamdoidal suture In 
the human skull ; and that the osseous surface of the cerebrsl dome ma; 
thus extend, as the dome itself increases in size, not through the gronth 
of thepreiiouslyeiiating piooss, — tlie minnte bricks of mj illustration, — 
but through the addition ot new ones. Equallj, 
Id mther case, howe'er, that essential difiference ^'K- 24- 

between the placoid sknll and the placoid <erte- 
brata, to which I hare referred, appears to hinge 
on the cireumstancb, that while the osseuns nucleus 
of each Tartebral centrum conid form, in eien its 
most complicated shape, ^om a liagU point, the 
oaaeons walls of the cranium had to be formed from 
hundrtdt. The aooompanjing diagram serves to csstkuh of ihoks- 
ifaow after what manner the vertebral centrum In bick. 
the Ra; enlarges with the growth of the animal, by 

addition of bouT matter external to the point in the middle, at which osBi- 
fieatjon first begins. The horizontal lines indicate the lines of Increment 
in the two internal cones which each centrum comprises, and the vertical 
ones the lines of increment in the lateral pillars. 
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general resemblance in figure of these bucklers to the upper 
■ur&ce of the oaaeoua skull, the separate parts necessary for 
the building up of the one were anticipated, hj many ages, in 
the building up of the other ; just as we find est^ua) arches 
of stone which were erected two thousand years ^o, con- 
structed on the same principle, and relatiTely of the same 
parts, as internal arches of brick built in the present age. 
Doubtless, however, with this mechanical necesdty for cor- 
respondence of parts in the formation of corresponding erec- 
tions, there may hare mingled that regard for typical resem- 
blance which seems so marked a characteristic of the itffle, if 
I may so express mygelfi in which the Diriae Architect gives 
expression to his ideas. The external osseous buckler He 
divided aHer the geneml pattern which was to be exemplified, 
in latter times, in the divinons of the internal osseous skull ; 
as if in illustradon of that " ideal exemplar" which dwelt in 
his miad from eternity, and on the palpable existence of which 
sober science has based deductions identical in their scope and 
bearing with some of the sublimeat doctrines of the theol(^;ian- 
" The recf^ition," says Professor Owen, " of an ide^ exem- 
plar for the vertebrated animals, proves that the knowledge of 
such a being as man existed before man appeared ; for the 
Divine mind which planned the archetype also foreknew aQ 
its modifications. The archetypal idea was manifested in the 
fiesb, under divers such modifications, upon this planet, long 
prior to tlie existence of those animal species that actually 
esemplify it." 

But while we find place in that geological history in which 
every chuactei is an organism, fi)r the " ideal exemplar" of 
Professor Owen, we find no place in it for the vertebne- 
dpveloped skull of Professor Oken. The true genealc^ of 
the head runs in an entirely dilftrent line. The nerves of the 



T,Goo(^le 



OF THE EARLIER VERTEBHATA. 69 

cerebral senses did not, we find, originate cerebral vertebix, 
seeing tbM tbe beadB of the first and second geologic periods 
had theii cerebral nerves, but not their cerebral vertebrfe ; and 
that what are regarded as cerebral Tertebrw appear for the 
first time, not ia the early fishes, but in the reptiles of the 
Coal formation. That line of succession through the fish, in- 
dicated by the Continental assertor of the derelopment hypo- 
thecs, is a line cut off. All the existing eyidence conspires t» 
show that the placoid heads of the Silurian system were, like 
die placoid beads of the recent period, mere cartilaginous 
boxes; and that in the succeeding system there existed ga- 
noidal heads, that to the internal cartilaginous box added 
external plates of bone, the homologues, apparently, — so &T 
at least as the merely cuticular could be representative of the 
endo-skeletal, — of the opercular, maxillary, frontal, and occi- 
pital bones in the osseous fishes of a long posterior period, — 
fishes that were not ushered upon the scene until afi^r the 
appearance of the reptile in its highest Ibrms, and of even the 
marsupial quadruped. 
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THE ASTEROLEPIS, ITS STRUCTURE, BULK, 
AND ASPECT. 



With tKe reader, if he has accompanied me thus &r, I Bhall 
now pan on to Che consideration of the remains of the Atttro- 
UpU. Our preliminai^ acquaintance with the cerebral pecu- 
liarities of a few of its less gigantic contemporaries will be 
found of use in enabling ua to determine legardiug a class of 
somewhat reaembling peculiarities which characterized this 
hugest ganoid of the Old Red Sandstone. 

The head of the Agterolepii, like the heads of all the other 
Celacantha, and of all the Dipterians, was coTered with osseous 
plates, — its body with osseous scales ; and, as I have already 
had occasion to mention, it is from the star-like tubercles by 
which the cerebral plates were fretted that M. Eichwald be- 
stowed on the creature its generic name. Agassiz has eren 
erected species on certain yarieties in the pattern of the stars, 
as exhibited on detached fragments ; but I am &r from being 
satisfied that we are to seek in their peculiarities of style the 
characters by which the seyeral species were distinguished. 
The stellar form of the tubercle seems to hare been its normal 
or most perfect form, as it was also, with certain modificatioiis, 
that of the tubercle of the Coeeotteui and Pteriekthyi ; but its 
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development aa.a complete star was CDiaparativel; rare: in 
most cases the tubercles existed without the rays, — frequently 
in the insulated pap-like shape, but not rarely confluent, or of 
an elongated or bent form ; and when to these the character- 
istic rays were added, ths stare produced were of a rather 
eccentric order, — stars somewhat resembling the shadows of 
stars seen in water. Indiridual specimens have already been 
found, on which, if we recognise the form of the tubercle aa 
a specific character, several species „. ^ 

might be erected. The accompany- 
ing wood-cut (fig. 25) represents, 
Irom a Thurso specimen, what seems 
to he the true normal pattern of these 
cerebral carvings. Seen in profile (£), 
the tubercles resemble Uttle hillocks, 
perforated at their bases by single 
lines of thickly-set caves; while seen (««■ 'woai«m.Lwii.T 

&om above (a), the narrow piere of bone by which the caves 
are divided take the form of rayi. The reader will scarce fail 
to recc^nise in this print the coral Monticularia of Lamarck, 
or to detect, in at least the profile, the peculiarity which sug- 
gested the name. 

The scales which covered the creature's body (fig. 26) were, 
in proportion to its size, considerably gmallet and thinner 
than those of the SoloptyekitUy which, however, they greatly 
resemble in their general style of sculpture. Each, on the 
lower part of its exposed field, was, we see, fretted by longi- 
tudinal anastomosing ridges, which, in the, upper part, break 
into detached angular tubercles, placed with the apes down- 
wards, and hollowed, leaf-like, in the centre ; while that co- 
vered portion which was overlaid by the scales immediately 
above we find thickly pitted by microscopic hollows, that give 
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Fig. 26. 



Fig. 27. 



to this part erf the field, riewed under a tolerably 
high magnifying power, a honeycombed appeal^ 
ance. The central and lower parte of the inte- 
rior surface of the scale (a) are in most of the 
specimens irregularly roughened ; while a broad, 
smooth band, which runs along the top and sides, 
and seems to have furnished the line of attach- 
ment to the creature's body, is comparatiTely 
smooth. The esterior carvings, though they de- 
mand the assistance of the lens to see them 
poBTioK OF aright, are of singular elegance and beauty ; w 
Tj!ctow^!iM perhaps the accompanying wood-cut (fig. 27), 
(Hag. foDT d\A- which gives a magnified riew of a portion of the 
scale immediately above (b), from the middle of 
the honeycombed field on the right side, to where the anasto- 
mosing ridges bend gracefully in their descent, may in some 
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degree serve to show. I have seen a richly inlaid coat of mail, 
which was ouce worn by the puissant Charles the Fifth ; but 
its elaborate carvings, Uiougb they belonged to the age of Ben- 
Tenato Cellini, were rude and unfinished, compared with those 
which fi^tted the armour of the Atterol^i*. 

The creature's cranial buckler, which was of great size and 
BtTength, might well be mistaken for the carpace of some Che- 
Ionian fish of no inconsider^le bulk. The cranial bucklers 
of the larger Dipteriaos were ample enough to hare covered 
the corresponding part in the skulb of our middle-sized mar- 
ket-fish, such as the haddock and whiting ; the buckler of a 
Coeeoateu* of the extreme nze would hare covered, if a little 
altered in shape, the upper sur&ce of the skull of a cod ; but 
the cranial buckler r^ Agterolepit,fiam which the accompany- 
ing wood-cut was taken (fig. 28), would have considerably 

Fig. 28. 
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mon than oorered the corresponding part in the sknll of a 
large horse ; and I h&Te at least one ipecimen in my collection 
which would hare fiilly covered the front skull of an elephant. 
Is the smalla apecunois, the buckler aomewhat resembles a 
labourer's ahorel divested of its handJe, and aotelj rust-eaten 
along its lower or cutting edge. It consisted of plates, con- 
nected at the edges by flat squamous sutures, or, as a joiner 
might perhaps say, fflasd together in beedUd joints. And in 
consequence of this arrangement, the same plates which seem 
broad on the exterior surfiice appear comparatiTely narrow on 
the interior ooe, and mee vena : the occipital plate (a), which, 
running from the nape along the centre of the buckler, occu- 
pies so considerable a space on its outer surface, exhibits in- 
ude a snperfides reduced at least one-half. Like nine-tenths 
of its contemporaries, the A$teroUp\* exhibits the little central 
plate between the eyes ; but the eye-orbits, unlike those of the 
Coccoiteut, and of all the Dipterian genera, which were half 
scooped out of the cranial buckler, half-encircled by detached 
plates, were placed completely within the field of the buckler, 
— a circumstance in which thej resemble the eye-orbits of the 
Plerichlkyt, mid, among existing fish, those of the sea-wolf. 
The characteristic is also a distinctive one in Cuvier's second 
family of the Acanthopterygii, — *' the fishes with hard cheeks." 
A deep line immediately over the eyes, which, however, indi- 
cated no suture, but seems to have be«i merely ornamental, 
forms a sort of rudely tatooed eyebrow ; the marginal lines 
parallel to the lateral edges of the buckler were also mere ta- 
tooings ; but all the others indicated joints which, though 
more or less anchylosed, had a real existence. So flat was the 
surface, that the edge of a ruler rests upon it^ in my several 
specimens, both lengthwise and across ; but it was traversed 
by two flat ridges, which, stretching from the comers of the 
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latero-posterior, t. e. parietal, plates {h, 6), converged at the 
little plate between the eyes ; while along the centre of the de- 
pressed angle which thej formed, a third ridge, equally flat 
with the others, ran tAwaida the same point of conrei^ence 
from the nape. The three ridges, when strongly relieved by a 
slant light, resemble not inadequately an impression, on a large 
scale, of the Queen's broad arrow. 
Fig. 29. 



The inner siufece of the cranial buckler of AeterolepU (fig. 
29), — that which rested on the cartilaginous box which formed 
the creature's interior skull, — stands out in holder relief from 
the stone than its out«i sur&ce, and forms a more picturesque 
object. Like the inner surfoces of the bucklers of Cocxmteu* 
and Pterkhlhtft, but much more thickly than these, it was 
traversed by minute channelled markings, somewhat resem- 
bling those striae which may be detected in the flatter bones of 
the ordinary fishes, and which seem in these to be mere inter- 
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Bticea between the osseous fibres. And in the plates, as in the 
bone«, they radiate from the cealres of ossitication, which are 
comparatively dense and massy, towaids the thinner overlap- 
ping edftes. These radiating lines are equally well marked in 
the cerebral bones of the hmnan fcetus. The three converging 
ridges on the outer sui&ce we find on the inner surtace also, — 
the lateral ones a little bent in the middle, but so directly op- 
posite those outside, that the thickening of the buckler which 
takes place along their line is at least as much a consequence 
of their inner as of their outer eleratioo orer the general plat- 
form. A fourth bar ran transversely along the nape, and farmed 
the cross beam on which the others rested ; for the three lon- 
gitudinal ridges may be properly regarded as three strong 
beams, which, extending from the transvose beam at the nape 
to the front, where they converged Uke the spokes of a wheel 
at the nave, gave to the cranial roof a degree of support of 
which, from ita great flatness, it may have stood in need. In 
cranial bucklers in which the average thickness of the plates 
does not exceed three eighth parts of an inch, their thickness 
in the centre of the ridges exceeds three quarUri. The head 
of the lai^t crocodile of the existii^ period is defended by 
an armature greatly less strong than that worn by the Atfero- 
lepu of the Lower Old Bed Sandstoae. Why this ancient ga- 
noid should have been so ponderously helmed we can but 
doubtfully guess : we only know, that when nature arms her 
soldiery, there are assmlauts to be resisted, and a state of war 
to he maintained. The posterior central plate, the homologue, 
apparently, of .the occipital bone, was curiously carved into an 
ornate massive leaf, like one of the larger leaves of a Corinthian 
capital, aad terminated beneath, where the stem should have 
been, in a strong osseous knob, fashioned like a pike-head. 
Two plates immediately over It, the homologues of the supe- 
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rior frontal bone, with the little plate which, perched atop 
in the middle, lay hetween the co'eature's eyes, resembled the 
head and breast in the female figure, at least not less closely 
than those of the " lady in the lobster ;" the posterior frontal 
jJates in which the out^ and nether half of the eye-orbits 
were hollowed formed a pair of sweeping wings ; and thus in 
the centre of the buckler we are presented with the figure of 
as angel, robed and winged, and of which the laige sculptured 
leaf forms the body, traced in a style in no degree more rude 
than we might expect to see exemplified on the Uchen-encmst- 
ed shield of some ancient tomb-stone of that House of Ayenel 
which bore as its arms the effigies of the Spectre Lady. Chil- 
dren have a peculiar knack in detecting such resemblances ; 
and the discovery of the angel in the cranium of the AgteroU- 
pii I owe to one of mine.* 



> Ths gap shown in the cntDisI buckler, in sdvaDoe of tbs little p1ft(« 
Iwtween tbe «T«» (^g< ^, I was au&ble to fill from actnal obserTatton at 
the time wben the drawing was made; and as I wsa nnwilling (o reutare 
on an arbltrar; restoration, T saOiired the space to remain unoccnpied in 
the print, as in the specimen from which it had been taken. I succeed- 
ed, howeier, ehortl; afWr, in disinterring from the rocks of Thurso a 
well-marked detached specimen of the keistone-shaped plate bj which 
the gap had been filled ; and in the course of the following winter I 
raceiied from m; friend Mr Dick a fine cranial bnekler, nearly entJre, 
in which the plate occupied Its proper place. It will be seen from the 
accompan]rlng wood-cut (fig. 3D), which represents the little detached 



plate on both ddes, that It was not without Its share of nice carpen- 
trj^ — scarping and mitring, as a joiner wonid say, — on the edges which 
came in contact with the three adjacent plates. I ma; be permitted 
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It is on thie inner side of the cnmial buckler, where there 
are no such pseDdo-joinings indicBited as on the extemai sut- 
face, that the homologies of the plates of which it is composed 
can be best traced. It might be well, however, ere setting 
one's self to the work of comparison, to examine the skulls of 
a few of the oBseoos fishes of our coasts, and to mark how 
very considerablj they AiSet from one another in their lines 
of suture and their general form. The cerebral divisions of 
the conger-eel, for instance, are very unlike those of the had* 
dock or whiting ; and the sutures in the head of the gurnard 
are dissimilarly artaoged from those in the head of the pnvb. 
And afW tracing the genera! type in the more anomalous 
forms, and finding, with Cuvier, that in even these the " skull 
consists of the same bones, though much subdivided, as the 
skulls of the other vertebrata," we will be the better qualified 
for grappling with the not greater anomaUes which occur in the 
cranial buckler of the Atterolepu- The occipital plate A, a, a 
(fig. 31), occupies its ordinary place opposite the centre of the 
nape; the two parietala, B, B, rest beside it in their usual 
ichthyic position of displacement ; the superior frontal we find 
existing, as in the yonng of many animals, in two pieces, C, C ; 



to record here s brief saeedote eouneeted with thia subject, illastr»- 
tiTe of the quIekaesB of eje poassssed bj one of the moat dietinguUbed 
of Engilisb geologists. Tba gap in tbe print had struck the eye of Pro- 
feasor Sedgnick as nunatural : it was not the proper finish, be argned ; 
sad whan In aatumn Isat (tbst of 1660) he Tiailed m; coilecllon, acconi- 
inaied b; Sir Roderick Murchiaon and Dr John Fleming, be bronght the 
volume with him to compare the print nith the original. Ere his ri^t, 
hoiveier, I bad procured both the detached plate £gnred aboTe and the 
ipeclmen from Hr Dick, which exhibited it lying in Its proper place ; and 
I referred him to tbe latter as tbe true authority for determining bow 
nature bad given the last flniab to the cranial buckler of tlie AiUrvitpii. 
" At !" be exclaimed, as be eagerly knelt down to examine tbe Bpeclmen, 
and paesed bis flngera orer the keystone-like plate, — "Aj, this is a finish 
of (he right kind !— this will do." 
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Fig. 31. 




the naaal pkte, 1*, placed immediately in advance of it, is flank- 
ed, as in the cod, b; the anterior frontals, D, D ; the posterior 
Irontats, F, F, which, when viewed, as in the print, from be- 
neath, seem of considerable size, and describe laterally and 
posteriorly about one half the eye-orbits, hare their area on the 
exterior aurfiice greatly reduced by the overridiiig squamose su- 
tures of the plat«s to which they join ; and lastly, two of these 
overlyii^ plates, E, E, — which, occurring in the line of the la- 
teral bar or beam, are of great strength and thickness, and lie 
for two-thirds of their length along the parietals, and for the 
remaining third along the superior frontals, — represent (he mas- 
toid bones. Such, so far as I have been yet able to read the 
cranial buckler of the AtteroUpU, seem to be the homologies 
of its component plates. 

There were no parts of the animal more remarkable than 
its jaws. The under jaws, — for the nether masillary consist- 
ed, in this fish, as in the placoid fishes, and in the ijuadrupeds 
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generally, of two pieces joined in the middle, — were, like those 
of the Holoptyehiui, boxes of bone, wbich enclosed central 
masses of cartilage. The outer and under sides were thickly 
covered with the cbaracteristic Btar-like tubercles j and along 
the upper margin or lip there ran a thickly'Set row of small 
broadly-baaed teeth, planted as diiectly on the edge of tke ex- 
terior plate as iron spikes on the upper edge of a gate (fig. 32), 



Fig. 32. 




Mr Parkinson expresses some wonder, in bis work on fosdls, 
that, in a fine ichthyolite in the British Museum, not only the 
teeth should have been pteserred, but also the lip*; but we 
now know enough of the construction of the ancient ganoids 
to cease wondering. The lip» were formed of as solid bone as 
the teeth themselves, and had as fair a chance of being pre- 
served entire ; just as the metallic rim of a cogged wheel has 
as feir a chance of being preserved aa the metallic eog» that 
project from it Immediately behind the front row, — in which 
the teeth present the ordinary icbthyic appearance, — there ran 
a thickly-set row of huge TeptiU teeth, based on an interior 
platform of bone, which formed the top of the cartilage-en- 
closing box composing the jaw. These were at once hent out- 
wards and twisted laterally, somewhat like nails that have 
been drawn out of wood by the claw of a carpenter's hammer. 
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and bent aivry with the wrench (fig. 33), They were furrow- 
Fig. 33. 



ed longitudinally from point to base by minute thickly-set 
strife ; and were furnished laterally, in most of the specimens, 
though not in all, with two sharp cutting edges. The reptile 
had as yet no existence in creation ; but we see its future com- 
ing symholized in the dentition of this ancient ganoid : it, as 
it were, shows ns the crocodile lying entrenched behind the 
fish. The interior structure of these reptile teeth is Tery re- 
markable. In the longitudinal section we find numerous can- 
celli, ranged lengthwise along the outer edges, but much cross- 
ed, net-like, within, — greatly more open towards the base than 
at the point, — and giving place in the centre (o a hollow space, 
occasionally traversed by a few slim osseous partitions. In the 
transTeree section these cancelli are found to radiate from the 
open centre towards the circumference, like the spokes of a 
wheel from the nave ; and each spoke seems as if, like Aaron's 
rod, it had become instinct with vegetatlTC life, and had sprout- 
ed into branch and blossom. Seen in a microscope of limited 
field, that takes in, as in the accompanying print (fig. 34) not 
more than a fourth part of the section, the appearance pre- 
sented is that of a well-trained wall tree, And hence tlie 
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Fig. 34. 



generic name Dmdrodu*, given hy Professor Owen to teelh 
found detached in the deposits of Moray, vrhen the creatures 
to which the; had belonged were still unknown, — a name, 
however, which will, I suspect, be found synonymous rather 
with that of a family than of a genus; for, so far as I hare yet 
examined, I find that the dendrodic or tree-like tooth was, in 
at least the Old Red Sandstone, a characteristic of all the Ge- 
lacanth &mily. I may mention, however, as a curious sub- 
ject of enquiry, that the Celacanths of the Coal Measures seem 
to have had their reptile teeth formed of pure ivory, — a sub- 
stance which I have not yet detected among the reptile-lish of 
the Old Red. Towards the base of the reptile teeth of Agter- 
olepig, the interstices between the branches greatly widen, as 
in the branches of a tree in winter divested of its foliage (fig. 
35, c) ; the texture also opens towards the base in the Jith- 
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teeth ou^tde, in which, Fig. 35. 

however, the pattern in 
the transverse section ia 
grestlj leas complex and 
ornate than that which 
the reptile teeth exhibit 
When cut across near the 
point, they appear each as 
a thick ring (£), traversed 
by lines that radiate to- 
wards the centre; when 

aoiKlo.in*. 

cot across about half-way 

down, they somewhat resemble, seen under a high magnifyug 
power, those cast-iron wheels on which the engineer mounts 
his railway carriagee (a). In the longitudinal section their 
line of junction with the jaw is marked by numerous openings, 
but by no line of division ; and they appear as thickly dotted by 
what wffl^ once canaliculi, or Hfe-poinia, as any portion of the 
dermal bone on which they rest 

It seems truly wonderful, when one considers it, to what 
minute and obscure ramifications that variety of pattern whi<^ 
nature so loves to maintain is found to descend. It descends; 
in the fishes, both recent and extinct, to even the microscopic 
structure of their teeth ; and we find, in consequence, not lew 
variety of figure in the sliced fragments of the teeth of the ich- 
thyolites of a single formation, than in the carved blocks of an 
extensive calico print-yard. Each tpeeist has its own distinct 
pattern, as if, in all the individuals of which it consisted, the 
same block had been employed to stamp it ; and each gmiu 
its own genera! type of pattern, as if the same radical idea, 
variously altered and modified, had been vrrought upon in all. 
In the Dendrodu: (Celacantb?) family, for instance, it is the 
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radical type, that from a centra] nave there should radiate, 
spoke like, a nambei of arborescent branches ; but in the 
several genera and species of the family, the branches belong, 
if I may so express myself, to difi^nt shrubs, and present 
dissimilar outlines. It has appeared to me, that at least aprt- 
tamptum against the transmutation of species might be based 
on those inherent peculiarities of structure which are thus 
found to pervade the entire texture of the framenork of ani- 
mals. If ire find erections differing from one another merely 
in external form, we have no difficulty in conceiving how, by 
additions and alterations, they might be brought to exhibit a. 
perfect uniformity of plan and aspect ; tranimulatiim^ — de- 
nelopment, — prcffret»ion, — (if one may use such terms), — seem 
possible in such circumstances. But if the buildings differ 
from each other, not only in external form, but also in every 
brick and beam, bolt and nail, no mere scheme of external ai- 
teralion could ever induce a real resemblance. Every brick 
would have to be taken down, and every beam and bolt re- 
moved. The problem could not be wrought by the remodel- 
ling of an old house : the only niode of solving it would be by 
the erection of a new one. 

There is one important characteristic of the javrs of this an- 
cient ganoid, which, although common to the jaws of some of 
the other and better-known Palieozoic Celacanths, such as the 
Holoptyehiut, seems to have hitherto escaped the notice of 
ichthyolc^sts. Cuvier, in his description of the generic pecu- 
liarities of the alligator, specifies, as one of the most remariiable, 
a certain mechanical arrangement through which the fourth 
tooth in the lower jaw is received, when the mouth closes, into 
J a deep cavity hollowed in the upper jaw for its reception. A 
'similar peculiarity occurs in the jaws of the Lepidoitem, aad 
foims one of the links with the Sanrians which establish its 
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herpetol<^cal relationship. " The iotenDaxiUor; of the Le- 
pidatteui" says Agassiz, " is a small bone, pierced with two 
holes for the admissioa of the anterior projecting teeth of the 
lower jaw." Now, it is an interesting circumstance, that in 
tlie AftKrolepit, the huge reptile teeth which stand up orer 
and behind the ichthjic ones were received, as in the alligators 
and the LepUoitmu, into deep caTities hollowed in the oppo- 
site jaws ; but the arrangement, instead of being restricted to 
two teeth, as in the recent reptile, or to a small group of teeth, 
as in the existing reptile-fish, pervaded the entire jaw. Alll 
the laige teeth had deep cavities hollowed to receive them, as 
the scabbard receives the sword ; and these scabbard-like hoi- | 
lows occurred in most cases so close beside the reptile teeth of 
the opposite jaw, that each tooth formed one of the sides «f 
each hollow ; and the base of the teeth springing from the 
same level as the bottom of the hollows, bore the appearance 
of teeth placed in sockets twice too big for them.* I may 
add, that there were certain curious irregularities of dentition 
in the AoeroUpit, which seem to have had a considerable range, 
and which make the jaws of one individual difFer a good deal 
in appearance from those of another of the same species. In 
some specimens we see recipient pits or sockets that have no 

* Some of the reptile teeth of the Boloptychii of the Coal MesBaree, as 
BbowD lo BpeeimeaB from Gilmerton and Bardie Hoase, h&d great depth 
of apparent socket ; and a reptilian relationahtp has been dedneed fcom 
thig peonllaritj. The dednetion, boveier, though appareutljr Just, would 
be perhaps more direct were it founded rather on the existence of the re- 
cipient hallow, than of the socket beside the hollow; tOr the depth of 
the socket seems to hare been depeodeot on the depth of the hollow, and 
proportioned to it. If the reptile tooth rose high orer the edge of the 
jaw In which It was placed. It was necessarr that the redpient hollow In 
the opposite jaw should be correapondlnglT deep,>— jnat as b long sword 
requires a deep scabbard to sheath it In ; and if the hollow was deep, the 
socket of the tooth that itood up beside It, and whose base descended to 
lt« le*el, hod to be oorrespondlDgl j deep also. 
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reptile teeth growing up b«side them ; while in others, the 
too-wide socket, one-half of which usually remains a reci- 
pient pit, we find occupied to the full by a second tooth, grow- 
ing up so close beside the ordinary one, that their points stand 
scarce a line apart. The double tooth formed in this manna', 
when, as in the figured specimai (£g. 36), unaccompanied by 

, Fig. 36. 




a recipient pit, must hare been accommodated in the opposite 
jaw by a recipient pit unaccompanied by a tooth ; and thus 
the pit without tooth and the double tooth without pit were 
answering and mutually accommodating irregularities. There 
are instances, however, in which the doable tooth had a re- 
cipient pit for the accommodation of a tooth in the opposite 
jaw, immediately behind it. Taken altogether, the alligator- 
like teeth, with the alligator-like pits hollowed for their re- 
ception, in the jaws of this ancient fish, bear decided evidence 
to its reptilian character and standing. 

There was another striking peculiarity of the jaws of A$Ui>- 
olepU, exanplified in the fine specimen figured here, and in 
some others in my collection, which extended also to the crea- 
ture's palate, and which, in a certain degree, we find exempli- 
fied in the jaws and palates of some of the existing placoids. 
In most of the placoids, the teeth which are ranged along the 
jaw or palate, and the shagreen points spread over the sldn. 
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seem to be equallj of dermal origm, and can be stripped off 
with the integuments on wbich tbey rest And so nearly do 
tbej approach in character, that there are cases in which thej^ 
can scarce be distinguished ; — the teeth may be taken for 
shagreen points, or the shagreen points for teeth. This is Strik- 
ingly the case in Cettraeion Phillippi (the Port Jackson 
shark). We find immediately nitfatn the more characteristic 
paTement teeth of the animal, osseous points of an irregularly 
cruciform sh^e, that might be mistaken for the osseous points, 
aiao irregularly cruciform, that form the shagreen which 
covers its back and sides ; and the palate of Squalina (the 
angel-fish) bristles as thickly with a shagreen hardly distin- 
guishable trom that which the creature wears outside, as any 
part of its body. Now, encrusting the palate of Diptenu, 
immediately between the angular patohes of t«eth, we find 
exactly the same glossy enamel as that which covers its der- 
mal plates and scales ; the tkin within the mouth, if (me may 
so speak, so completely corresponds with the tkin outcdde, that 
we find it bearing the same rich gloss, and punctulated with 
the same microscopic tubes. There was, we find, within the 
mouth of Aiterot^ii a similar reproduction of dermal pecu- 
liarities. It was lined with osseous plates, identical in their 
character with those which covered th« head externally, and, 
like them too, thickly fi-etted with tubercles, which, in the 
older and larger individuals, assumed the normal star-like 
character, and in both young and old manifested a tendency, 
where they approached the true teeth, to assume, as in fig. 
36, tooth-like forms. Fig. 37 represents the palatal plat« niAi- 
terolqna, roughened with tubercles somewhat larger than those 
of the external plates, but as much of the same type as these, as 
the palatal sh^reen of Ckttradon or Squalina is of the same 
type as that which covers its hack and sides. This tendency 
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lOne Conrth ut. iIh. UnHT.I 

of dermal tubercles to assatne in some of the ancient ganoids 
the form of teeth, and of teeth to assume in some of the exist- 
ing placoids the appearance of dermal shagreen, throws light 
on a class of what would be otherwise very puzzling pecnlia- 
rities in the dental stnicture exhibited by not a few of the 
Old Red Sandstone ichthyolites. The teeth of the genera 
Coceotteut, AgUrolepii, Diploptervt, and Chetrolepit, and at 
least the ichthyic teeth of Atleroltjn*, HoU^tychxtu, and 
Glyplolepig, seem to be scarce less mere continuations of the 
osseous plates on which they are based, than the external 
tubercles of these same plates. An entirely dissimilar state of 
things obtains among our ordinary fishes of the present time ; 
the teelh are of a different formation from the bone on 
which they rest, and, in at least their earlier stages of growth, 
wholly independent of it ; but be it remembered that, as in 
the existing placoids teeth and shagreen are alike of dermal 
origin, so in not a fe^ of the ancient ganoids teeth and tuber- 
cles were alike of dermo-osseous origin. The plates on which 
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thej grew act«d as portiona of jaws and palates; but they also 
represented »kin, and differed very materially, in consequence, 
from the skin-covered jaws of the earlier ganoids. 

Of the upper masillary bones of the AtterohpU, I only know 
that a confliderable fragment of one of the pieces, rec<^ised 
as such by Agassiz, has been found in the neighbourhood of 
Thurso by Mr Dick, unaccompanied, however, by any cti- 
dence respecting its place or function. It exhibits none of the 
chRracteristic tubercles of the dermal plates ; but is simply a 
long bent bone, resembling somewhat less than the half of an 
ancient bow of steel or horn, — such a bow as that which 
Ulysses bended in the presence of the suitors. By some of 
the Russian geologists this bone was at first regarded as a por- 
tion of the arm or wing of some gigantic Pteriehthyt. In the 
acoompsnying print (fig. 38), I hare borrowed the general 




outline (rora that of a specimen of Professor Asmus, of which 
a cast may be seen in the British Museum ; while the shaded 
portion represents the fragment found by Mr Dick. The in- 
termaxillary bones, Uke the dermal plates of the lower jaw, 
were studded by star-like tubercles, and bristled thickly along 
their lower edges wilh the ichthyic teeth, flanked by teeth of 
the reptilian character. The opercules of the animal consisted, 
as in the sturgeon, of single plates (fig. 39) of great massire- 
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Fig. 39. neM and size, thickly tubercled out^de, 

without trace of joiat or suture, aad 
marked on their under surtace by chan- 
nelled lines, that radiate, as in the other 
plates, from the centre of ossification. 
That q>ace along the nape which inter- 
vened between the opercnies was occu- 
"""IvM'nr'imMLint^"' P'^ "* ™ ^^ Difiterv* and DiplopU- 
lOaannhuLfiK, iinav.) rut, by three plates, which covered 
rather the anterior portion of the body than the posterior por- 
tion of the head, and which, in the restoration of Otleolepi* 
(fig. 13), appear as the plates, 9, 9, 9. I can say scarce any- 
thing regarding the lateral plates which lay between the inter- 
raaxillaries and the cranial buckler, and which exist in the 
Oit4ohpi», fig. 13, as the plates 2, 4, 5, 6, and 7 ; nor do I 
know how the snout terminated, save that in a very imperfect 
specimen it exhibits, as in the Diploptertu and 0»teol^n», a 
rounded outline, and was set with teeth. 
/ That space comprised within the arch of the lower jaws, in 
which the hyoid bone and branchiostegous rays of the osseous 
fishes occur, was filled by a single phite of great size and 
strength, and of singular form (fig. 40) ; and to this plate, ex- 

ng. 40. 
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iBttng at a steep ridge running along the centre of the int«ri(ir 
Burfece, and thickening into a laassy knob at the anterior ter- 
mination, that nail-shaped organism, which I have described 
aa one of the most characteristic bones of the Atlerolepii, be- 
Itmged. In the Oeteol^nt, the space corresponding to that 
occupied by this hyoid plate was filled, as shown in fig. 1 4, by 
five plates of not inelegant form ; and the divisions of the arch 
resembled those of a smalt Gothic window, in which the single 
central mullion parts into two branches at»p. In the HoU^' 
tife&iut and Olyptolepu there were but two plates ; for the 
eenlral mullion, i. e. line of division, did not branch atop ; and 
in the Atterolepit, where them was no line of division, the 
strong nail-like booe occupied the place of the central mullion. 
The fajpojdal armature of the latter fish was strongest in the 
line in which the others were weakest. Each of the five hy- 
oid plates of the Ottmlepu, or of the two plates of the Glffp- 
tolqnt or ffolt^tyehiut, had its own centre of ossi- pj^ ^j 
ficadon ; and in the single plate of AtUrolepit, 
the centre of ossification, as shown by the radia- 
tions of the fibre, waathe nat/-head. This head, 
placed in immediate contact with the strong boxes 
of bone which composed the under jaw, just 
where their centr^ joining occurred, seems to 
have lent them a considerable degree of support, 
which at such a jucture may have been not un- 
necessary. In some of the nail-heads, belonging, 
it is probable, to a difierent species of AiteroUpii 
from that in whidi the nail figured in page 7, and 
the plate in the opposite page, occurred,— for its aBSMw''"on> 
general form is difierent (fig. 41), — there appear ^ont'h'ij'oit. 
well-marked ligamentat; impressions, closely re- ""■' 
sembling that little spongy pit in the head of the human thigh- 



T,Goo(^le 



92 STRUCTURE 

bone to which what ig termed the round ligament is attached. 
The entire byoid-ptate, viened on its outer side, resembles in 
fbnn the hyoid-bone, — or cartilage rather,— of the spotted dog- 
fish (ScylUum stellare) ; but its area was at least a hundred 
times more extensive than in the largest Seyllium, and, like 
all the dermal plates of the AiterolepU, it was thickly fretted 
by the characteristic tubercles. In the Ray, as in the Sharks, 
the piece of thin cartilage of which this plate seems the homo- 
logue, is a flat, semi-transparent disk ; and there is no part of 
the animal in which the prt^ess of those bony molecules 
which encrust the internal frameivork may be more distinctly 
traced, as if in the act of creeping oTCr what they cover, in 
slim threads or shooting points, and much resembling new ice 
creeping in a frosty evening over the surface of a pool. 

The two angular terminations of the hyoidal plate, a, a, 
fig. 40, were received, laterally and posteriorly, into angular 
grooves in a massive bone of very peculiar shape (fig. 42), of 

Fig 42. 



which the tubercled portion, a, a, seems to have swept for- 
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wards iu the line of the lower jaw, forming the rounded edge 
where the flat under part of the creature's head merged into 
the lateral part of it, as the bottom of a portmanteau merges 
into its «des ; while the delicat«l/ groored projection, b, struck 
across towards the point of the hyoidal nail. At the termina-' 
tion of this (ransverse projection nearest the side of the head, 
and where there runs towards it through the tubercles a deep- 
ly tatooed line, c, there occurs what seems to be a socket, re- 
garding the use of which I am unahle to form a conjecture. 
There are, besides, certain difficulties which the structure of 
this portion of the Aitemlfpu raises, that I am at present un- 
able to lay; hut I can at least record the evidence slowly and 
hesitatingly rendered by the rocks regarding it, though I can- 
not in every case comprehend, as a whole, the meaniug which 
that evidence bears. 

That suite of shoulder-bones that in the osseous fishes forms 
the belt or frame on which the opercules rest, and furnishes the 
base of the pectorals, was represented in the AtteroUpie, as in 
the sturgeon, by a ring of strong osseous plates, which, in one 
of the two species of which trace is to be found among the 
rocks of Thurso, were curiously fretted on their external sur- 
faces, and in the other species comparatively smooth. The 
lai^est, or coracoidian plate of the ring, as it occurs in the 
more ornate species (fig. 43), might be readily enough mis- 

Fig. 4a. 
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taken, wh«i seen with only its sui&ce expoaed, for the k-fa- 
thfodorulite of gome iarge fish, allied, mayhap, to the Gyra- 
ctmthut formonu of the Coal Measures ; but when detached 
from the stone, the hollow form and peculiar Btriie of the in- 
ferior surface serve to establish its true character as a dermal 
plate. The diagonal furrowiogs which traTeised it, as the 
twisted flutingB traverae a Oodiic column moulded afler the 
type of the Apprentice Pillar in Roslin chapel, seem to have 
underlaid the edge of the opercule ; at least I find a similar 
arrangement in the shoulder- plates of a large species of Dip- 
lofA«ru», which are deeply grooved and farrowed where the 
opercule rested, as if with the deslgu of keeping up a commu- 
nication between the branchies and the external element, ev^t 
when the gill-cover was pressed closely down upon them. 
And, as in these shoulder-plates of the Diphpteru* the fur- 
rows yield their place beyond the edge of the opercule, to the 
punctulaled enamel common to the outer surface of all the 
creature's external plates and scales, we find them yielding 
their place in the shoulder-platee of the Atterolepit to the 
starred tubercles. 

A few detached bones, that bear on their outer surfoces the 
dermal markings, must have belonged to that angular-shaped 
portion of the head which intervened between the cranial 
buckler and the intermaxillary bone ; hut the key for aseign- 
ing to them their proper place is still to £nd ; and I suspect 
that no amount of skill on the part of the comparative ana- 
tomist will ever qualify him to complete the work of restora- 
tion without it. I have submitted to the reader the cranial 
bucklers of five several genera of the ganoids of the Old Hed 
Sandstone ; but no amount of study bestowed on these would 
enable even the most skilful ichthyologist to restore a mxth ; 
nor is the lateral area of the head, which was, I find, various- 
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ly occupied in each genus, leas difficult to restore tlian the 
huckler which snnnounted it. Two of the more enlire of 
these dennal bones I have figured (fig. 44, a and i>), in the 

Fig. 44. 



hope of assisting future inquirers, who, were they to pick up 
aU the other plates, might yet be unable, lacking the figured 
ones, to complete the whole. The curiously-shaped plate a, 
represented in its various sides by the figures 1, 2, 3, is of an 
acutely angular fitrm in the transverse section (the external 
snr&ce, 1, forming an ang^e which raries from thirty to forty- 
fire d«^eee with the base, 3) ; and as it lay, it is probable, 
when in its original place, immediately under the edge of the 
cranial buckler, it may have served to commence the line of 
deflection from the flat top of the head to the steep descent of 
the sides, just as what are technically termed the «;^ur-stones 
in a gable-head serve to commence the line of deflection from 
the vertical outline of the wall to the inclined line of tlie roof, 
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or as the apring-Btones of an arch serve to commence tbe 

' cuire. A few internal bones in mj poagewion are curious, 

but exceediuglj puzzling. The bone a, fig. 45 (of whicb I 

Fig. 45. 




possess two specimens, that, as indicated by their position in 
the rock, formed parts of the sftme individual, occurring, the 
one in its right side, the other in its left), apparently occupied 
the place in the Atterol^nt of that osseous ttyle which in fishes 
such as the haddoolc and cod we find attached to the suite of 
shoulder-bones, and which, according to Cuvier, is the analt^e 
of the coracoidian bone, uid, according to Professor Owen, 
the analogue of the clavicle. It curiously exemplifies how 
thoroughly some of the hones in this ancient fish entered into 
the coroposilion of at once the dermal and the internal skele- 
ton ; for while the tubercled portion of the upper part or head 
of the style was unequivocally dermal, the lower or shank 
portion of it, which must have traversed the muscles of the 
abdomen, was, as shown by its channelled markings, as cer- 
tainly intemaL Of the bone i, 1 only know that it belonged 
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D the side of the head.* Fig. e, 46, which is a]so a fragment. 
Fig. 46. 




though 



|Oii<-tlilid ut. iSa, linair.) 

I mwe considerahle one, beais in its thicker and 



■ la the ettclier editions of this work, the place of the print fig. 4G was 
oeeapled bj tbe subjoined wood-cnt (fig. 47). I hnre since auertsiiied, 
howBTer, that the two fragments of bone which p. ^j 

the l&tter preseutB belonged, not to the AiUr- 
oi^ia, bat to 10010 large aununed, nndelaribed 
ganoid. Its oontemporarT. The bone a, Bimi- 
Iv in cbantcter aad function to the coires- 
ponding bone a in tg, 45, seems to limve been 
the elnrlele of the anknown fish; while the 
bone b, — s mere fragment broken at both 
ends, bat exhibiting. In a state of good keep- 
ing, lateral expansions like those of an an- 
cieut haJiiert, — formed, in probably the same 
aahiutl, the analogne of part of that beam- 
like Horiei of bones (consisting of the anb-oc- 
cipital bone, the spbeuold bone, and the Tomer) 
which compoae Id tbe ordinary fislies the base ' 
of the skull. 




(Otie-liair u 
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straighter edge a ^oove like that of an icbtbyodorulite, wbicli, 
however, the bone itself id no degree resembles. Fig. disa flat 
bone, of a tjpe common in the skeleton of fishes, but which in 
mammals we find exemplified in but the scapulare. It seema, 
like these, to have furnished the base to which some suite of 
moveable bones was articulated, — in all likelihood that pro- 
portion of the carpal bonelets of the pectoral fins which are 
attached in the osseous fishes to its apparent homologue the 
radius. Fig. e, a slim light bone, which narrows and thickens 
in the centre, and flattens and broadens at each end, was pro- 
bably & scapula or shoulder-blade, — a bone which in most 
fishes tplieet or, as a sailor would say, by squamose jointings, 
to the coracoidian bone at the one end, and the super-scapular 
bone at the other. As indicated by its size, it must have be- - 
longed to a small individual : it is, however, twice as long, 
and about six times as bulky, as the scapula of a large cod. 
Of the bone represented in fig. 48, I have determined, from 
Fig. 48. 



a Cromarty specimen, the place and use : it formed the inte- 
rior base to which one of the ventral fins was attached. In 
all fishes the bones of tlie binder extremities are inadequately 
represented ; in none do we find the pelvic arch complete ; 
and to that nether portion of it which we do find repre- 
sented, and which Professor Owen regards as the homologne 
of the o» itchium or hip-bone, the homolt^es of the metatai- 
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sal and toe-bones are attached, to the exclusion of the bones 
of the thigh and leg. In the Abdominales, — fishes such as 
the salmon and carp, — that have the ventrala placed behind 
the abdomen, in the position analogous to that in which the 
hinder legs of the reptiles and mammala occur, the ischiatic 
bones generally exist as flat trifmgular plates, witli their heads 
either turned inwar\ii and downwu'ds, as in the herring, or 
outwards and downwards, as in the pike ; whereas in some of 
the cartilaginous fishes, such as the Bays and Sharks, thej 
exist as an undiTided cartilaginous band, stretched trans- 
versely from ventral to ventral. And such, with but an up- 
ward direction, appears to have been their position in the 
Aiterokpis. They seem to have united at the narrow neck A, 
over the middle of the lower portion of the abdomen ; and to 
the notches of the flat expansion B, — notches whi^h exactly 
resemble those of the immensely developed carpal bones of 
the Ray, — five metatarsal bones were attached, from which 
the fin expanded. It is interesting to find the number in this 
ancient representative of the vertebrata restricted to five, — a 
number greatly exceeded in most of the existmg fishes, but 
which is the true normal number of the vertebrate sub-king- 
dom, as shown in all the higher examples, such as man, the 
qtiathrumana, and in most of the camaria. The form of this 
bone somewhat resembles that of the analogous bone in those 
fisbes, such as the perch and gurnard, cod and haddock, which 
haiVe their ventr^ suspended to the secular belt ; but its 
position in the Cromarty specimen, and that of the ventrals 
in the various sperimens of the Oelacanlh femily in which 
th«ir place is still shown, forbids the supposition that it was 
so suspended,' — a circumstance in keying with aU the exist- 
ing getJogical evidence on the subject, which agrees in indi- 
cating, that of the low type of fishes that have, monster-like. 



T,Goo(^le 



too 8TEUCTURE 

their ftd attached to their necka, the Old Red Sandstone does 

uot afford a trace. This inferior type, now b; fiir the moat 

prevalent in the ichthyic diTigion of the animal Idngdom, does 

not seem to hare been introdaced until near the close of the 

Secondary period, long after the fish had been degraded from 

its primal place in the fore-front of creatic^ In one of mj 

specimens a few fragments of the rajs are preserved (fig. 49, &). 

They are about the eighth part of an inch 

in diameter ; depressed in some cases in 

*" "'* the centre, as SS, over the internal hollow 

^^^ formed by the decay of the cartilaginous 

centre, the bonv crust of which they are 

f Aomhict. composed had given way ; and, like the 

Aiunitpii. rays of the thomback, thej are thickened 

at the joints, aod at the processes by which they were attached 

to the iscbiatic base. It may be proper I should here state, 

that of some of the intemid bones figured above, I have do 

better evidence that they belonged to the A»teroUpit, than 

that they occur in the same beds with the dermal plates 

which bear the characteristic stat-like markmgs, — that they 

are of very considerable size, — and that they formed no part 

of the known fishes of the formation. 

On exactly the same grounds I infer, that certain lu^e cop- 
roUtes of common occurrence in the Thutso flagstones, which 
contain the broken scales of Dipterians, and exhibit a cu- 
riously-twisted form (fig. 50), also belonged to &^A»t«ro^A»; 
and from these, that the creature was carnivorous in its habits, 
— an inference which the character of its teeth Adly corrobo- 
rates ; and farther, that, tike the sharks and rays, and some 
of the extinct enaliosaurs, it possessed the spiral disposition of 
intestine. Foley, in his chapter on the compensatory contri- 
vances palpable in the structure of various animals, refers to a 
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peculiar substitutory pronsion which occurs in a certain am- 
phibious animal described in the Memoirs of the French Aca- 
demy. " The reader will remember," he says, " what we 
have ab'eady observed concerning the intestinal canal, — that 
its length, so many times exceeding that of the body, promotes 
the extraction of the chyle from the aliment, by giving room 
tot the lacteal vessels to act upon it through a greater space. 
This long intestine, whenever it occurs, is in other animals 
disposed in the abdomen from side to side, in returning (bids. 
But in the animal now under our notice, the matter is ma- 
naged otherwise. The same intention is mechanically effec- 
tuated, but by a mechanism of a different kind. The animal 
of which I speak is an amphibious quadruped, which our 



• One of the Thurso coproUtet in mj poueasiOD Is aboat one-fonrtb 
longer Uiui the Isrgar of the two Bpenimens figured here, and Doarlj 
tiirice as broad. 
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authors call the fJopecias or gea-foi. The intestiiie is straif 
from one end to the other ; but in this straight, and con 
quently short intestine, is a winding, cork-screw, spiral p 
sage, through which the food, not without several circumvo 
tions, and, in lact, bj a long route, is conducted to its ei 
Here the shortness of the gut is compeaiaud by the obliqu 
of the perforation." This structure of iutestine, which all i 
true placoids possess, and at least the Sturiones among exi 
ing ganoids, seems to hare been an exceedingly common t 
during both the Palieozoic and Secondary periods. It 1 
left its impress on all the better preserved coprolites of i 
Coal Measures, so abundant in the shales of Newharen a 
Burdie House, and on those of the Lias and Chalk. It see 
to be equally a characteristic of well njgh all the bulkier cop 
tiles of the Lower Old Red Sandstone.* In these, howei 
it manifests a peculiar trait, which I have failed to detect 
any of the recent fishes ; nor have I yet seen it indicated, 
at least the same degree, by the Carboniferous or Second 
coprolitic remains. In the bowels which moulded the cop 
lites of Lyme-Regis, of the Chalk, and of the Newhaven a 
Granton beds, a single screw must have winded within 
cylindrical tube, as a turnpike staii winds within its holl 
shall ; and such also is the arrangement in the exist 
Sharks and Bays ; whereas the bowels which moulded 
coprolites of the Lower Old Red Sandstone must hare b 
traversed by triple or quadruple screws lud closely togett 



■ In two of Cheut, [n t, collection of several score, I haie failed to 
tect the spiral mtu-kings. though their state of keeping 1b decidedl; gi 
There aia other appearances nhlch lead me to enspect that the Aittroi 
was not the onl; large fish of the Lower Old Red SandstoDe ; bat 
^ta on the subject are too Ineonoluslve to jnatifjanghtmore than« 
lous Inqiilr;. (First Edition. See Kota, page 97.) 
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as we find the stalk of an old-fashioued wine-glass traversed 
by its thicklj-wt spiral tines of thread-like china. And bo, 
while on the surface of both the Secondary and Carboniferous 
ooprolites there is space between the screw-like Unes for nu- 
merous cross markings that correspond to the thickly-set veiny 
branches which traverse the sides of the recent placoid bowel, 
the entire sorface of the Lower Old Bed coprolites is tra- 
versed by the spiral markings. Is there nothing strange in 
the &ct, that afler the lapse of mayhap millions of years, — 
nay, it is possible, millions of ages, — we should be thus able 
to detect at once general resemblance and special dissimilarity 
in even the most perishable parts of the most ancient of the 
ganoids? 

I must advert, in passing, to a peculiarity exemplified in the 
state of keeping of the bones of this ancient ganoid, in at 
least the deposits of Orkney and Caithness. The original 
animal matter has been converted into a dark-coloured bitu- 
men, which in some places, where the remains lie thick, per- 
vades the crevices of the rocks, and has not unfrequently been 
mistaken for coal. In its more solid state it can hardly be 
distingoished, when used in sealing a letter, — a purpose which 
it serves indi^rently well, — from black wax of the ordinary 
quality; when more fluid, it adheres scarce less strongly to 
the hands than the coal-tar of our gas-works and dock-yards. 
Underneath a specimen of Atlerol^nt, first pointed out to me 
in its bed among the Thurso rocks by Mr Dick, and which, at 
my request, he afterwards raised and sent me to Edinbui^h, 
packed up in a box, there lay a quantity of thick tar, which 
stuck as fast to my fingers, on lifting out the pieces of rock, as 
if I had laid hold of the planking of a newly tarred yawl. 
What had been once the nerves, muscles, and blood of this 
ancient ganoid, still lay under its bones, and reminded me of 
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the appearance presented by the remains of a poor snidde, 
whose Bolilaiy grove, dug in a sandy bank in the nmtfa of 
Scotland, had been laid open by the encroachments of a riTer. 
The skeleton, with pieces of the dress still wrapped round it, 
lay at length ^ong the section ; and, for a iull yard beneath, 
the white dry sand naa consolidated into a dark-cokiored 
pitchy moss, by the altered animal matter which had escaped 
from it percolating downwards in the process of decay. 

In consequence of the curious chemical change which has 
thus taken place in the animal jnices of the Atteroi^nt, its 
remains oflen occur in a state of beautiful preserration : the 
pervading bitumen, greatly more conservative in iU effects 
than the oils and gums of an old Egyptian undertaker, has 
maintained, in their original integrity, every scale, plate, and 
bone. They may have been much broken ere tfaey were first 
committed to the keeping of the rock, or in disentangling 
them from its rigid embrace ; but they have, we find, caught 
no harm when under its care. Ere the skeleton of the Bruoe, 
disinterred after the lapse of five centuries, was re-committed 
to the tomb, such measures were taken to secure its preserva- 
tion, that, were it to be agiun disinteired, even afl*r as many 
more centuries had passed, it might be found retaining un- 
broken its gigantic proportions. There was molten pitch 
poured over the bones, in a state of sufficient fluidity to per- 
meate all the pores, and fill up the central hollows, and which, 
soon hardening around them, finrned a bituminous matrix, in 
which they may lie unchanged for a thousand years. Now, 
exactly such was the process to which nature resorted with 
these gigantic skeletons of the Old It«d Sandstone. Like the 
bones of the Bruce, they are bones steeped in pitch ; and so 
thoroughly is every pore and hollow still occupied, that, when 
cast into the fire, they fiame like ttsches. Though black as 
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jet, the; sHIl retain, too, in a consiilerable degree, the peculiar 
^ualitwg of the original substance. The late Mr Oeorge Son- 
deraon of Edinburgh, one of the most ingenious lapidaries in 
the kingdom, and a thoroughly intelligent man, made seTeral 
preparations for me, for microscopio examination, from the 
teeth and bones ; and though they frere by far the oldest ver- 
tebrate remains he had erer seen, they exhibited, he informed 
me, in the working, more of the characteristics of recent teeth 
and bone than any other fossils of the kind he had ever ope- 
rated upon. Kecent bone, when in the course of being re- 
duced on the wheel to the degree of thinness necessary to 
secure transparency, is apt, under the heat induced by the 
friction, to acquire a springy elasticity, and to start up from 
the glass-slip to which it had been cemented ; whereas bone in 
the fossil state usually lies as passive, in such circumstances, 
as the stone which envelopes it. Mr Sanderson was, however, 
surprised to find that the bone of the AfteroUpig still retained 
its elasticity, and was scarce less liable, when heated, to start 
from the glass, — a peculiarity through which he at first lost 
several preparations. I hare seen a human bone which had 
for ages been partially embedded in a mass of adipocere, par- 
tially enveloped in the common mould of a churchyard, ex- 
hibit two very different styles of keeping. In the adipocere 
it was as fresh and green as if it had been divested of the in- 
t^uments only a few weeks previous; whereas the portion 
which projected into the mould had become brittle and porous, 
aud presented the ordinary appearance of an old churchyard 
bone. And what the adipocere had done for the human bone 
in this case, seems to have been done for the bone of the 
A«t«r<4epi» by the animal bitumen. 

The size of the AtterolepU must, in the larger specimens, 
have been very great. In all those ganoidal fishes of the Old 
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R«d Sandstone that had the head covered with osseous plates, 
we find that the craaial buckler bore a certain definite propor- 
tion— Tarioiu in the several genera and species — to the lei^h 
of the bodj. The drawing-master still teaches his pupils to 
r^pilate tlie proportions of the hnmnn figure bj the seven 
head-lengths which it contains ; and perhaps shows them how 
hh otherniHe meritorious draftsman,* much employed about 
half an age ago in drawing for the wood-«ngiaver, used to 
ronder his figures squat and ungracefiil by making them a 
head too short. Now, those ancient ganoids which possessed 
a cranial buckler may, we find, be also measnred by head- 
lengths. Thua, in the Coceoittui decipietu, the length of the 
cranial buckler from nape to raout equalled one-fifth of the 
entire length of the creature from snout to tail. The entire 
length of the GlypU^epit was equal to about five one-half 
times that of its cranial buckler. The Pteriehthyt was formed 
in nearly the same proportions. The Diploptenu was fully 
seven times the laigtb of its buckler; and the Otteol^ng from 
sis and a half to seven. In ail the cranial buckleiB of the 
A»terol^H» yet fiinnd, (be snout is waating. The very fine 
specimen figured in page 75 (fig. 29), terminates abruptly at 
the little plate between the eyes ; the specimen figured in page 
73 (fig. 28), terminates at the upper line of the eye. The 
terminal portion which formed the snout is wanting in both, 
and we thus lack the measure, or module, as the architect 
might say, by which the proportions of the rest of the creature 
were regulated. We can, however, very nearly approximate 
to it- A hyoid plate in my collection (fig. 51) is, I find, so 
esactly proportioned in size to the cranial buckler (fig. 29), 
that it might have belonged to the same individual ; and by 

* The l&M Mr Jobn Tbarston. 
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Fig. 51. 




fitting it in its proper place, and then making the necessary 
allowance for the breadth of the netlier jaw, whicli swept two- 
thirds around it, and was surmounted by the niout, we ascer- 
tain that the buckler, when entire, must liave been, as nearly 
as may be, a foot in length. If the A»l«rol^it was formed in 
the proportions of the Cooeotteus, the buckler (fig. 29) must 
hare belonged to an individual five feet in leagth ; if in the 
proportians of the PUriehthyi or Glyptolepit, to an individual 
five and a half feet in length ; and if in those of the ZHjpfop- 
teriis or Otteoiepit, to an individual of from six and a half to 
seven feet in length. Now I find that the hyoid plate can be 
inscribed — «uch is its form — in a semicircle, of which the uail- 
sh^>ed ridge in the middle (if we strike off a. minute portion 
of the sharp point, usually wanting in detached specimens), 
fiums very nearly the radius, and of which the diameter equals 
the breadth of the cranial buckler, along a line drawn across 
at a distance firom the nape, equal to two-thirds of the dis- 



■ Tbesbaded plate (a), aooldentallT presented in this Bpecimsn, belongs 
to the upper part of the head. It Is the posterior franlal pUta F, wblcli 
half-encircled the ere-orbit (gee fig. 31); anil I bare introduced it int« 
the print here, u in none of the other prints, or of m; other Bpeclmens, 
la its upper surface shown. 
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taace between the nape and the ejea. Thus, the largetct 
diameter of a hyoid plate which belonged to a cranial buckler 
a foot in length is, I find, equal to seven one-quarter inches, 
nhile the length of its nail somewhat exceeds three fiTe-eightk 
inches. The nail of the StroiuueBs specimen measures five 
and a half inches. It must have run along a hjoid plate 
eleven inches in transverse breadth, and have been associated 
with a cranial buckler eighteen one-eighth inches in length ; 
and the Asterolepit to which it belonged must have measured 
from snout to tail, if formed, as it probably was, in the pro- 
portions of its brother Celacanth the Glyptd^nt, eight feet 
tliree inches ; and if in those of the Diplopterut, from nine 
feet nine to ten feet six inches. This oldest of Scottish fish, — 
this eartiest-bom of the ganoids yet known, — was at least as 
bulky as a laige porpoise. 

It was small, however, compared with specimens of the At- 
urolepii found elsewhere. The hyoid plate figured in page 90 
(fig. 40), — a Thurso specimen which I owe to the kindness of 
Mr Dick, — measures nearly fourteen inches, and the cranial 
buckler of the same individual, fifteen one-fourth inches, in 
breadth. The latter, when entire, must have measured twenty- 
three tme-balf inches in length ; and the fish to which it be- 
longed, if formed in the proportions of the Gl^tolepw, ten feet 
six inches ; and if in those of the Diplopterut, from twelve feet 
five 1A thirteen feet eight inches in length. Did the shield 
still exist in its original state as a buckler of tough, enamel- 
crusted bone, it might be converted into a Highland target, 
nearly broad enough to cover the ample chest of a Rob Roy 
or Allan M'Aulay, and strong enough to dash aside the keen- 
est broadsword. Another hyoid plate found by Mr Dick mea- 
sures sixteen one-half inches in breadth ; and a cast in the 
British Museum, from one of the Russian specimens of Pro- 
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feasor Asmus (fig. 52), twenty-four inches. The individnal to 
Fig. 52. 



|ODe-t««UUi lit ut. die. Uhbu-.) 

Trhicb this last plate belonged must, if built in the shorter pro- 
portions, hare measured eight«en, and if in the longer, twenty- 
three feet in length. The two hyoid plates of the specimen of 
Holoptyciiut in the British Museum measure but four and a 
half inches along that transverse line in which the Russian 
Aaterolepit measures two i^t, and the largest Thurso Bpeci- 
men sixteen inches and a halt The masillary bone of a cod- 
fish two and a half feet from snout to tail measnres three inches 
in length. One of the Russian maxillary hones in the posses- 
sion of Professor Asmus measures in length twenty-eight 
inches. Aiid that space circumscribed by the sweep of the 
lower jaw, which it took, in the Rus»an specimen, a hyoid 
plate twenty-four inches in breadth to fill, could be filled in 
the two-and-a-half-feet cod by a plate whose breadth equalled 
but an inch and a half. Thus, in the not unimportant cir- 
cumstance of size, the most ancient ganoids yet known, in- 
stead of taking their places, agreeably to the demands of the 
development hypothesis, among the sprats, sticklebacks, and 
minnows of their class, took their place among its huge bask- 
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ing sharks, giguitic aturgeons, and bulky eword-fidws. They 
were giaats, not dwarfi. 

But what of their organisation ? T^ere they fishes low or 
high in the scale ? On this bead we can, of course, deteimine 
laeiely by the analc^es whidi their structure eshibits to that 
of fishes of the existing period ; and these point in three seve- 
ral directions ; — in two of the number, directly on genera of 
the high ganoid order ; and in the third, on Ae still higher 
placoids and enaliosaurs. No trace of Tertebree has yet been 
found ; and so we infer, — lodging, however, a precautionary 
protest, as the evidence is purely negative, and therefore in 
some degree inconclusive, — that the vertebral column of the 
Aiterolepii was, like that of the sturgeon, cartilaginous. Re- 
specting its external covering, we positively know, as has been 
already shown, that, like the Z/gndottsia of America and the 
Polyplerut of (he Nile, it was composed of strong plates and 
scales of solid bone ; and, regarding its dentition, that, as in 
these last genera, and even more decidedly than in these, it 
was of the mixed ichthyic-reptiUaa character, — an outer row 
of thickly-set fish teeth being backed by an inner row of thin- 
ly-set reptile teeth. And its fiiim of coprolite indicates the 
^lal disposition of intestine common to the Bays and Sharks 
of the existing period, and of the Ichthyosauri of the Second- - 
arj- ages. Instead of bebg, as the devdopment hypothesis 
would require, a fish low in its organization, it seems to have 
ranged on the level of the highest ichthyic-reptilian families 
ever called into existence- Had an intelligent being, igno- 
rant of what was going on upon earth during tbe week of 
creation, visited Eden on the morning of the sixth day, he 
would have found in it many of the inferior animals, but no 
trace of man. Had he returned again in the evraing, he would 
have seen, installed in the office of keepers of the garden, and 
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ruling nith no tyrant svray as the humble monarchs of Its brute 
inbabitants, two mature human creatures, perfect in their or- 
ganization, and aniTed at the fiill stature of their race. The 
entire evidence regarding them, in the absence of all such in- 
formation as that imparted to Adam hy Milton's angel, would 
amount simplj to this, that in the morning man icai not, and 
that in the evening he teas. There, of course, could nol exist, 
in the circumstances, a single appearance to sanction the belief 
that the two hum^i creatures whom he saw walking together 
among the trees at sunset bad been " developed from infiisorial 
points," not created mature. The evidence would, on the con- 
trary, lie all the other way. And in no degree does the geo- 
logic testimony respecting the earliest ganoids differ Irom what, 
in the supposed case, would be the testimony of Eden regard- 
ing the earliest men. Up to a certain point in the geologic 
scale we find that the goniuds are nol ; and when they at 
length make their appearance upon the stage, they enC^- large 
in thmr stature and high in their organization. 
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FISHES OF THE SILURIAN ROCKS— UPPER AND 
LOWER. 



THEIR RECENT HISTORY, ORDER, AND SIZE. 



Bdt the system of the Old Red Sandstone represents the 
tecond, not the^wt, great period of the world's history. There 
was a preceding period at least equally extended, perhaps 
greatly more so, represented by the Upper and Lower Sila- 
rian fonnadong. And what is the testimony of this morning 
period of o^anic existence, in which, so far as can yet be 
shown, Titality in the planet which man inhabits, and of whose 
history and productions he knows anything, was first asso- 
ciated with matter? May not the development hypothesis 
find a standing in the system representative of this earliest age 
of creation, which it fails to find in the system of the Old R«d 
Sandstone? 

It has been confidently asserted, not merely that it may, but 
that it lioet. Ever since the pubhcatioQ, in 1889, of Sir 
Roderick Murcbison's great work on the Silurian System, it 
had been known that the remains of fishes occur in a bed of 
the " Ludlow Rock," — one of the most modem depowts of the 
Upper Silurian division ; and subsequent discoveries, both in 
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England and America, had shown that eTeii the bate of this 
division has its ichthTic organisms. But for year after year, 
the lower half of the Byetem, — a division more than three 
thonsaud feet in thicknesa, — had failed, though there were 
hands and eyes busy among its deposits, to yield any verl«- 
brate remains. Dnring the earlier half of the firat great period 
of organic existence, though the polyparia, radiata, aiticulata, 
and motloBca, existed, as their remains testified, by myriads, 
fish had, it was held, not yet entered upon the scene ; and the 
assertors of the development theory founded la^ly on the 
presumed &ct of their absence. '* It is still customary," says 
the author of the " Vestiges of Creation," in his volmae of 
" Explanations," " to speak of the earliest feuna as one of an 
derated kind. When ngidty examined, it is not found to be 
so. In the first plaob, it oontains no fish. There were 
seas supporting crustacean and molluscan life, but utterly de- 
void of a ctatt of tenanU who teem able to live in every exampls 
o/' Uuit dement which eappcrU meaner creature*. This single 
feet, that only invertebrated animals now lived, is surely in 
itself a strong proof that, in the course of nature, time was ne- 
cessary for the creation of the superior creatures. And if so, 
it undoubtedly is a powerful evidence of such a theory of de- 
velopment as that which I have presented. If not, let me hear 
an equally plaosible reason for the great and amazing fiict, 
that seas were for numberless ages destitute offish. I fix my 
opponents down to the consideration of this fiict, so that no 
diversion respecting high molluscs shall avail them." And 
how is this bold challenge to be met ? 

Most directly, and after a fashion that at once discomfits the 
challenger. 

It might be radonally enough argued in the case, that the 
author of the "' Vestiges" was building greatly more on a piece 
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of purely ae/gatiye eridmce, — the presumed absence of fish 
from the Lower SUurian fonnatioDa, — than purely negatire 
evidence is, from its nature as such, suited to bear ; that only 
a Tery few yeara had passed since it was known that rerte- 
brate remains occurred in the Upper Silurian, and only a i^w 
more since they had been detected in the Old Red Sandstone ; 
nay, that within the present century their frequent occuirence 
in even the Coal Measures was scarce suspected ; and that, as 
his argument, had it been founded tnelre years ago on the 
supposed absence of fishes from the Upper Silurian, or twenty 
yeara ago on the supposed absence of fishes from the Old Red 
Sandstone, would have been quite as plausible in reference to 
its negative data then as to its negative data now, so it might 
now be quite as erroneous as it assoredly would have been 
then. Or it might be argued, that the fact of the absence of 
fish from the Lower Silnrians, even were it really a fact, would 
be in no degree less reconcileable with the theory of creation 
by direct act, than with the hypothecs of gradual develop- 
ment. The feet that Adam did not eatist during the first, 
second, third, fourth, and fiflh days of the introductory week 
of Scripture narrative, furnishes no argument whatever agiunst 
the feet of his erealion on the uxth day. And the remark 
would of coarse equally apply to the non-existence of fishes 
daring the Lower Silurian period, bad they been really non- 
existent at the time, and to their sudden appearance in that of 
the Upper. ~But the objectioii admits of a greatly more con- 
clusive answer. " I fis my opponents down," says the author 
of the " Vestiges,'' " to the consideration of this fect^" t. «. that 
of the absence of fishes from the earliest fbsdliferous forma- 
tions. And I, in turn, fix you down, I reply, to the conn- 
deration of the antagonist fact, not negative, but positive, and 
now, in the course of geological discovery, fiiUy established, 
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that fislies were not absent from the earliest fosMliferous for- 
mations. From none of the great geological fonnatioiu were 
fishes absent, not eren from the fonnationB of the Cambrian 
' division. " The Lower Slurian," says Sir Roderick Murchi- 
son, in a communication with which, in 1847, he honoured 
the writer of these chapters, " is no longer to be viewed as an 
invertebrate period ; for the Onehtu (species not yet decided] 
has been found in the Llandeilo Flags and in the Lower Silu- 
rian rocks of Bala. In one respect I am gratified by the dis- 
covery ; for the form is so very like that of the Onckm JHur- 
cAiioni of the Upper Ludlow rock, that it is clear the Silurian 
system is one great natural-histnty series, as is proved, indeed, 
by all itfi other organic remains." It may be mentioned fiirther, 
in addition to this interesting statement, that the Bala spine 
was detected in its calcareous matrix by the geolc^^ists of the 
Ooremment Survey, and described to Sir Roderick as that of 
an Ottckug, by a very competent authority in sach matters, — 
Professor Edward Forbes ; and that the annunciation of the 
existence of spnes of fishes in the LlandcQo Flags we owe to 
one of the most cautious and practised geologists of the pre- 
sent age, — Professor Sedgwick of Cambridge. 

So much for the fact of the existence of vertebrata in the 
Lower Silurian fonnationa, and the arffumant founded on their 
presumed absence. Let me now refer — their presence being 
determined — to the t«sts of size and organization. Were these 
Silurian fishes of a bulk so inconsiderable as in any degree to 
sanctioii the beUef that they had been developed shortly be- 
fore from microscopic points ? Or were they of a structure so 
low as to render it probable that their development was at the 
time incomplete ? Were they, in other words, the embryos 
and fbetuaes of their class? or did they, on the contrary, rank 
with the higher and larger fishes of the present time ? 
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It is of importance that not onlj the direct hearing, but also 
the actual amount, of the eTidence in this case should be fairly 
stated. So far as it extends, the testimony is clear ; but it 
does not extend &r. All the rertebrate remains jet detected 
in the Silurian System, if we except the debris of the Upper 
Ludlow bone'bed, might be sent through the Poat-Office in a 
box scarcely twice the size of a copy of the " Vestiges." The 
naturalist of an exploring party, who, in crossing some un- 
known lake, had looked down over the side of bis canoe, and 
seen a few fish gliding through the obscure depths of the 
water, would be but indiflerently qualified, from what he had 
witnessed, to write a history of idl its fish. Nor, were the 
some six or eight individuals of which he had caught a glimpse 
to be of small size, would it be legitimate for him to infer that 
only small-sized fish lived in the lake ; though, were there to 
be some two or three large ones among them, he might safely 
aflirm the contrary. Now, the evidence regarding the fishes 
of the Silurian formation very much resembles what that of 
the naturalist would be, in the supposed case, regarding the 
fishes of the unexplored lake ; with, however, this diflerence, 
that as the deposits of the ancient system in which they occur 
have been examined for years in various parts of the world, 
and all its characteristic organisms, save the ichthyic ones, 
found in great abundance and fine keeping, we may conclude 
that the fish of the period were comparatively few. The palie- 
ontologist, BO far as the question of number is involved, is in 
the circumstances, not of the naturalist who has only once 
crossed the onknown lake, but of the angler who, day aAei 
day, casts his line into some inland sea abounding in shell-fish 
and Crustacea, and, af^er the lapse of months, can scarce de- 
tect a nibble, and, after the Itqise of years^ can reckon up all 
die fish which he has caught as considerably under a score. 
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The existence of tbis great divisicm of the animal kingdom, 
like that of the earlier reptiles during the Carboniferous period, 
did not form a prominent characteristic of those ages ot the 
earth's history in which they began to be. 

The earliest discovered vertebral renuuna of the system, — 
those of the Upper Ludlow rock, — were found in digging the 
foundations of a house at Ludford, on the confines of Shrop- 
shire, and submitted, in IS38, hy Sir Roderick Murchison to 
Agassiz, through the late Dr Malcolmson of Madras. I used 
at the time to correspond on geological subjects with Dr Mal- 
colmson, — an accomplished geologist and a good man, too 
early lost to sdence and his friends, — and still remember the 
interest which attached on this occasion to bis communication 
bearing the Paris post-mark, from which I learned for the first 
time that there existed ichtbyic iragmente greatly older than 
even the ichthyolites of the Lower Old Red Sandstone, and 
which made me acquainted with Agassiz's earliest formed de- 
aaion regarding them. Though existing in an exceedingly 
fiagmentary condition, — for the materials of the thin dark- 
coloured layer in which they had lain seemed as if they had 
been triturated in a mortar, — the icbthyol<^ist succeeded in 
erecting them into six genera ; though it may be very possible, 
— as some of these were formed for the reception of detached 
spines, and others for the reception of detached teeth, — that, 
as in the case ai Diptenu and A»terolepit, the fragments of but 
a single genus may have been multiplied into two genera or 
more. And minute scale-like markings, which mingled with 
the general mass, and were at first regarded as the impressions 
of real scales, have been since recognised as of the same cha* 
racter vdth the scale-like markings of the Seraphim of For- 
farshire, a huge crustacean. Even admitting, however, that a 
set of teeth aud spines, with perhaps the shagreen points re- 
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presented in page 30, fig. 2, b, in addition, m&y haye all be- 
loi^ed to but a ungle species of fiah, there seem to be mate- 
fials enough among the remains found, ior the erection of two 
species more. And we have evidenee that at least two of the 
three kinds were fishes of the Placoid order fOnehut Murehi- 
MHx and Onehtu tenuittriaiut), and, — as the supposed scales 
must be given up, — no good evidence that the other kind was 
not. The ichthyic remains of the Silurian System next dis- 
covered were first introduced to the notice of geologists by Pro- 
fessor Phillips, at the meeting of the Bntisb Assodation in 
1842." They occuired, he stated, in a quanj near Hales 
End, at the base of the Upper Ludlow rock, immediately 
over the Aymeetry LimestAue; and were so exceedingly dimi- 
nutire, that they appeared to the naked eye as mere disooloui^ 
ed spots, but resolved under the microscope into scattored 
groupes of minute spines, like those of the CMraeantAu*, with 
what seemed to be still more minute tealet, ot perhaps, — what 
in Bach dicumstaiices could scarce be distingoisbed from scales, 



■ " Mr Phillipa proeesdod to deaeribe sonie remidna of a Bmall fish, re- 
■embllag the C^MroaiMW of the Old Red S&ndstone, Bcalea &Qd spines 
of wbicb be had found in k qasirj at Hales End, on the Western side of 
tbe M&lTerns. The section presented beds of tbe Old Red Sandstone in- 
clined to the west ; beneath these were arenaceous beds of a lighter 
oolonr, formins the junction with Sllnrlao (bales; these, again, paaalog 
on to calcareous beds in the lower part of tbe quarry, condoning the co- 
rals andshellsof the Ajmestrr Limestone, of their agreement with vhicb 
stronger evidence might be obtained elseKhere. He had found none of 
these scales In the junetian beds or in the Upper Lndlon shales; but 
about sictf or one hundred feet lover, Just shore the Ajniestry Lime- 
sMue, his attention had been attracted to discoloured spots on the lurfiiet 
of the beds, which, upon microscopic eiamination, proied to be the mi- 
uuta scales and spines before mentioned. These remains were only ap- 
parent on the surface, whilst the 'fieb-bed' of Che Upper Ludlow rock, as 
It nsnally occurred, was an inch thick, oouBlsting of innumerable small 
teetb and spines." — Report, m " Athennnm" for lS4S.o/lAe Procadmgi of 
Ike Ta^fth Mittiaff of Britiih Mto<iati<ni (MandtuUr). 
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— shagreen pointa of the scale-like tjpe. The next ichthyic 
organism detected in the Silurian rocks occurred in the Wen- 
lock Limestone, a considerably lower and older depoait, and 
was first described in the " EdJubur^ Kenew" for 1845 bj a 
Tigorous writer and masterij geologist (generally understood 
to be Professor Sedgwick of Ctunbridge), as " a charactenBtic 
portion of a fish undoubtedly belonging to the Cestracioat 
femily of the placoid older." In the " American Journal of 
Science" for 1846, Professor Silliman figured, from a wrak of 
the States' Surveyors, the defenn*e spine of a placoid found in 
the Onondago Limestone of New York, — a rock which occurs 
near the base of the Upper Silurian System, as developed in 
the Western wotM ;* and in the same passage he made refer- 
ence to a mutilated spine detected in a still lower American 
depocdt, — t^e Oriskany Sandstone. In the " Geological Jour- 
nal" for 1847, it was announced by Professor Sedgwick, that 
he had found " d^eneet ofJuhe»" in the Upper Llandeilo Flags, 
and by Sir Roderick Murchison, that the " defence of an On- 
ehut" had been detected by the geol<^sts of the Government 
Survey, in the Limestone near Bala. Sir Eoderick referred in 
the same number to the remains of a fish found by Professor 
Phillips in the Wenlock Shale. And such, up to the present 
time, is the actual amount of the eridence with which we 
have to deal, and the dates of its piecemeal production. Let 



* " TblB la the lowest poBiCion" (that of ihe ODDnd&go LlmeBtoDS) " in 
Iha State of Nen York la wblcb sny remalne bme been found hlgber in 
Ihe lo&le of organized bcingE tban Crattaua, with the eiception of an im- 
perfflCtiy preserfed tiab-iioiio diBco^ered by Hall in the Oriakanj 9aDd-< 
Blone. That gpecinien, together with the defeoBiTe fiah-bone foand in 
this part of the New York ijatem, furnishes efidanoeB of the eii stance of 
animals beloDglng to the dass venebnUa daring the deposition of the 
middle part of the protoioic strata."— .^mwtcan Joumal of Sdenee and 
JrUfilr\846,f.63. 
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ing order is the Aymestry Lunestone (No. 2) ; the next (No. 
3) the Lower Ludlow Rock ; then (No. 4) the Wenlock or 
Dudley Limestone occurs ; and then, last and oldest deposit 
of the Upper Silurian formadon, the Wenlock shale {No. 5). 
It is in the fourth, or Wenlock Limestone diTieion, that the 
defen«Te spine described in the " Edinburgh Review" for 1 845 
as the oldest rertebiate organism known at the time, was 
found ;* while the Tertebrate organism found hj Professor 
Phillips belongs to the fifth, or base deposit of the Upper Si- 
lurian. Further, the American spines of Onondago and Oris- 
kany, described in 1848, occurred in rocks deemed contempo- 
rary with those of the Wenlock division. We nert cross the 
line which separates the base of the Upper from the top of the 
Lower Silurian deposits, and find a great arenaceous formation 
(No. 6), known as the Caradoc Sandstones ; while the Llan- 
deilo Flags (No. 7), the fi^rmation upon which the sandstones 
rest, compose, according to the sections of Sir Roderick, pub- 
lished in 1839, the lowest deposit of the Lower Silurian rocks. 
And it is in the upper part of this lowest member of the sys- 
tem that the ichthyic defences announced in 1847 by Pro- 
fessOT Sedgwick occur. Vertebrate remains have now been 
detected in the same relative position in the HvmtlA and most 
aneienl member of the system, that they were found to occupy 
in its Jirtl and mott modern member ten years ago. But this 
is not all. Beneath the Lower Silurian division there occur 
vast foBsiliferous deposits, to which the name " Cambrian Sys- 
tem" was given, merely provisionally, by Sir Roderick, but 
which Professor Sedgwick still retains as representative of a 
distinct geologic period ; and it is in these, greatly below the 
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Lower Silurian base line, as drawn in 1 839, that the Bida lirae- 
Uones occur. The Plynlimmon rocks (a), — a aeries of eon- 
glomerata, grauwacke, and elate bed&, serenil thousand yards 
in thicknesB, — interrene between the Llandeilo Fl^s and tbe 
Limestones of Bala (6). And, of consequence, the defensiTe 
spine of the OtuAui, announced in 1S47 as detected in these 
limestones bj the geoli^ists of the Gorernment Sorrej, most 
have formed part of a fish that perished many ages ere the 
oldest of tbe Lower Silurian formations b^an to be deposited.* 
Let us now, af^ this Burrey of both the amount of our ma- 
terials, and the order and time of their occurreoce, pass on to 
the question of size, as already stated. Did the icbthyic re- 



■ Tha lupposed ichtbjic rsniaias of the B&U llmeatones laye proftd, 
OQ cloter iDTeBUgKtloD, to be tpuHonB. Tbare oecor, howBier, in thii 
tncient f^oup of rocks, " coprolites which, whan ■naljuid, Tield between 
30 and 10 per cent, of phosphate al lime, and which bear witneas," uys 
Sir Obarlee Lyell, " to the eilsteDoe or lertebraU in the moat incient 
18U" Farther, the coursa of diacoier; has added greatly more to the 
eTidence prerioual; accnmnlated against the Lamorcliian than it bos 
wttbdrewn. The track of aqnadraped has recently been found imprinted 
on a Lower Silurian Saodatona in Nurth America, on the »outh side of 
the St Lawrence, twenty miles above Uontreal. "TheinipreB8ions,"eayB 
ProfeBBor Owen, to whoae proctisad eye the slabe hare been snbmlttad 
bj Ml- Logan of the Government Canadian Sortej, " ore more uumeraa* 
In regular aaecession than any that haie been preilously diecoiered ; so 
that the evidence of their having been made by saceeesiTe steps, afforded 
by this BuccesBion of correBpoadlng prints at regular intervala, is the 
strongest we poBseBs." The Professor adds, that from the pecaiiar charac- 
ters of the track, he concludaa that the animal by which it was formed woe 
"a quadruped with the hind feet larger and widerapart than the fore feet; 
with both hind and fore feet vary short, or impeded by some other part of 
the animal's structure from makiDg other than short steps; that the 
fore and bind llmba were near each other; but that the limbs of tbe right, 
and those of the Ipft side, were wide apart; consaqnently that the animal 
had a short bnt brood traiik, supported on limbs either short or capable 
only of short steps ; and that its feet were rounded and Btnmpy, withoat 
long clawa." It is farther added, that " the disproportioo in the aiie of 
tbe fore and hind feet is such as we find in some existing Terrapenes,— 
«. ^1^ the Emyf gfographUa^'^ 
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maina of the ^urian System hitherto examined and described 
belong to large or to small fishes ? The question cannot be al- 
together so conclusively answered as in the case of those ganoids 
of the Loner Old Red Sandstone whose dennal skeletons indi- 
cate their original dimensions and form. In fishes of the pla- 
coid order, such as the Sharks and Rajs, the dermal skeleton 
is peatlj less continuotu and petsistent than in sutdi ganoids 
as the Dipterians and Gelacanths; and when their renuuns 
occur in the fossil state, we can reason, in most instances, re> 
garding the bulk of the individuals of which they formed part, 
merely from that of detached teeth or spines, whose proportion 
to the entire size of the animals that bore them cannot be 
strictly detenuined. We can, indeed, do little more than in- 
ier, that though a large placoid may have been armed with 
but small spines or teeth, a small placoid could not have home 
very laige ones. And to this placoid order all the Silurian 
fish, from the Aymestry Limestone to the Cambrian deposits 
of Bala inclusive, unequivocally belong. Nor, as has been al- 
ready said, is there sufficient evidence to show that any of the 
ichthyic remains of the Upper Ludlow rocks do not belong to 
it. It is peculiarly the order of the system. The Ludlow 
bone-bed contains not only defensive spines, but also teeth, 
fragments of jaws, and shagreen points ; whereas, in all the 
inferior deposits which yield any trace of the rertebrata, the 
remains are those of defensive spines exclusively. Let us, 
then, take the defensive spine as the part on which to found 
our comparison. 

One of the beat-marked placoids of the Upper Ludlow bone- 
bed is that Onehat Murckuoni to which the distinguished geo- 
logist whose name it bears refers, in his communication, as so 
nearly resembling the oldest placoid yet known, — that of the 
Bala Limestone. And the living fishes with which the OnchvM 
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Murckitoni most be compared, sajB Agaaaiz, thongli " the 
affinity," he adds, " may be rather digtant," are those of the 
genera " Cettraeion, Centrina, and Spinaa." I hare placed 
before me a specunen of recent Spinax, of a species well known 
to all mj readere on the searcoast, — the J^nax Aeantkiat, or 
1 d<^-fish, — so little a (avourite wiih ova fishennen. 
8 exactly two feet three inches in length ; and of 
the defensive spines of its two dorsals, — those spear-Uke thorns 
on the creature's back immediately in advance of the fins, 
which so frequently wound the fisher's hand, — the anterior 
and smaller measures, from base to point, an inch and a half, 
and the posterior and larger, two inches. 1 have also placed 
before me a specimen of Ctttraeum P&ilKppi (the Port Jack- 
son Shark), a fish now recognised as the truest eilsting ana- 
logue of the Silurian ptacoids. It measures twenty-two three- 
fourth inches in length, and ia furnished, like Spinaa, with 
two dorsal spines, of which the anterior and larger measures 
from base to point one one-half inch, and the posterior and 
smaller, one one-fifUi inch. But the defensive c^ine c^ the 
Onckvs Murchitoni, as exhibited in one of the Ludlow speci- 
mens, measures, though mutilated at both ends, three inches 
and five-eighth parts in length. Eren though existing but as 
a fragment, it is as such nearly twice the length of the largest 
spine of the dog-fish, unmutilated and entire, and considerably 
more than twice the length of the largest spine of the Port 
Jackson Shark. The spines detected by Professor Phillips, in 
aji inferior stratum of the same upper deposit, were, as has 
been shown, of microscopic minuteness ; and when they seemed 
to rest on the extreme horizon of ichthyic existence as the most 
ancient remains of their kind, the author of the " Vestiges" 
availed himself of the tact. He regarded the little creatures 
to which they had belonged as the fcetal embryos of their class, 
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or — to employ the language of the E^inburgli Reviewer — as 
" the tokens of Nature's first aud half-abortive efibrta to make 
fish out of the toner animals." From the latter editioua of 
his work, the par^aph to which the Reviewer refers has, I 
find, been expunged; for the horizon has greatly extended, 
and what seemed to be its line of extreme distance has travel- 
led into the middle of the prospect. But that the passage 
should have at at! existed is a not tminstructive circumstance, 
and shows how unsafe it is, in more than external nature, to 
regard the line at which, for the time, the landscape closes, 
and heaven and earth seem to meet, as in reality the world's 
end. The Wenlock specimen, — a group of palatal teeth, — 
though c^tainly not microscopic, is, I tun informed by Sir 
Philip Ggerton, of but small size ; whereas the contemporary 
spine of the Onondago Limestone, though comparalively more 
a fragment than the spine of the Upper Ludlow Onchu», — for 
it measures only three inches in length, — is at least five times 
as bulky as the largest spine of Spinax Aca/tthias. Repre- 

Fig. 53. 




enting one of the massier fishes disporting amid the some fitur 
r five small ones, of which, in my illustration, the naturalist 
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catches a glimpBe in fording tlie unknown lake, it at lewt 
serves to show that all the Silurian ichthyolites must not be 
described as small, seeing thai not only might manj of its un- 
detected fish have been large, but that some of those which 
have been detected were actually so, Anolier American spine, 
of nearly the same formatioii, — for it occutb in a limestwie 
Tarvingfrom twent}* to seventy feet in thickness, which imme- 
diately overlies that of the Onondago deposit, though sdll more 
fragmentary than the fiist, for its length Is only two three- 
eighth inches, — maintains throughout a nearly equal thickness, 
— a circumstance in itself indicative of considerable size ; and 
in positive bulk it almost rivals the Onondago one. Of the 
Lower Silurian and Bala fishes no descriptions or figures have 
yet appeared. And such, up to the present time, is the testi- 
mony derived from this department of Geology, so far as I 
have been able to determine it, regarding die size of the an- 
cient Silurian vertebrata. " No organism," says Professor 
Oken, " is, nor ever has one been, created, which is not mi- 
croscopic." The Professor's pupils and abettors, the assertois 
of the development hypothesis, appeal to the geological evi- 
dence as altt^ther on tkeir side in the case ; and straightway 
a few witnesses enter court But, lo! amon^ the expected 
dwarfs, there appear individuals of more than the average bulk 
and stature. 

Still, however, the question of oiganization remains. Did 
these ancient placoid fishes stand high or low in the scale? 
According to the poet, " What can we reason hut fiwm what 
we know ?" We are acquainted with the placoid fishes of the 
present time; and from these only, taking analogy as our 
guide, can we form any judgment regarding the rank and 
standing of their predecessors, the placoids of the geologic 
periods. But the consideration of this question, as it is spe- 
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cially one on which the Later assertois of the derelopmeiit hy- 
pothesis concentrate themselves, I must, to secure the space 
necessary for its discussion, defer till my next chapter. Mean- 
while, I am conscious I owe an ftpologj to the reader for what 
he must deem tedious minuteness of description, and a too 
prolix amplitude of stateinent. It is only by representing 
things as they actually are, and in the true order of their oc- 
currence, that the effect of the partially selected facts and ex- 
aggerated descriptions of the Lamarckians can be adequately 
met True, the disadvantages of the more sober mode are un- 
avoidably great. He who feels himself at liberty to arrange 
bis collected shells, corals, and fish-bones, into artistically de- 
signed fignres, and to select only the pretty ones, will be of 
course able to make of them a much liner show than he who 
is necesutated to represent them in the order and numerical 
proportions in which they occur on some pebbly beach washed 
by the sea. And such is the advantage, in a literary point of 
view, of the ingenious theorist, who, in making figures of his 
geological fects, takes no more of them than suits his purpose, 
over the man who has to communicate the fects as he finds 
them. But the homelier mode is the true one. " Could we 
obtain," sa^ a* distinguished metaphysician, "a distinct and 
fiill histoiy of all that has passed in the mind of a child, from 
the beginning of life and sensation till it grows up to the nse 
of reason, — how its infitnt feculties began to work, and how 
they brought forth and ripened all the various notions, opinions, 
and sentiments, which we find in ourselves when we come to 
be capable of reflection, — this would be a treasure of natural 
history which would probably ^ve more light into the human 
feculdes than all the systems of philosophers about them since 
the beginning of the world. But it is in vain," he adds, " to 
vrish for what nature has not put within the reach of our 
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power." In like manner, could vre obtain, it may be remark- 
ed, a full and distinct account of a single class of the animal 
kingdom, from its first appearance till the present time, " this 
would be a treasure of natural hbtory which would cast more 
light" on the origin of living existences, and the true economy 
of creation, than all the theories of all the philosophers " since 
the beginning of the world." And in order to approximate to 
sui;h a history as nearly as possible, — and it does seem possible 
to approximate near enough to substantiate the true readings 
of the volume, and to correct the false ones, — it is necessary 
that the rea! vestiges of creation should be carefiilly investi- 
gated, and their order of succession ascertained. 
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HIGH STANDING OF THE PLACOIDS. 
OBJECTIONS CONSIDERED. 



Ve have Been that some of the Silurian placoids were large 
f size : the question still remains, Were thej high m tntelU- 
eiice and organization ? 

The Edinbuigh Reviewer, in contending with the author of 
lie " Vestiges," replies in the affirmative, by claiming for thein 
de first place among fishes. '■^ Taking into account," he says, 

the brain and the whole nervous, circulating, and generative 
^tems, they stand at the highest point of a natural ascend- 
ig scale." They are fishes, he again remarks, that rank among 

the very highest types of their class." 

" The fishe* of this early ^e, and of all other ages previous 
) the Chalk," says his antagonist, in reply, " are, for the most 
art, cartilaginous. The cartilaginous fishes — the Ckondroji- 
rygii of Cuvier — are placed by that naturalist as a second 
irietf in his descending scale ; being, however, he says, ' in 
>me measure parallel to tlie firtt.' How &r this is different 
'om their being the highest types of the fish class, need not 
e largely insisted upon. Linnceus, again, was so impressed 
y the low characters of many of this order, that he actually 
mked them with worms. Some of the cartilaginous fishes, 
evertheless, have certtun peculiar features of organization, 
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chiefly connected with re-production, in which they excel 
other fish ; but such features ere partly partaken of hy fami- 
lies in inferior Bub-kingdomg, showing that they cannot truly 
be regarded as marks of grade in their own class. When we 
look to the great tiindamental characters, particularly to the 
Iramework for the attachment of the muscles, what do we 
find ? — why, that of these placoids, — ' the highest types of 
their class,' — it is barely possible to establish their being ver- 
tebrata at all, the back-bone having generally been too slight 
for preserration, although the vertebral columns of later fossil 
fishes are as entire as those of any other animals. In many 
of them traces can be observed of the muscles Having been 
attached to the external plates, strikingly indicating their low 
grade as vertebrate animals. The Edinburgh Reviewer's 
' highest types of their class' are in reality a separate series 
of that class, generally inferior, taking the leading features of 
organization of structure as a criterion, hut when details of 
organization are regarded, stretching &rther, both downward 
and upward, than the other series; so that, looking at one 
extremity, we are as much entitled to call them the lowest, as 
the Reviewer, looking at another extremity, is to caU them 
the ' highest of their class.' Of the general inferiwity there 
can he no room for doubt Their cartilaginous struoture is in 
the first place analogous to the embryotic state of vertebrated 
animals in general. The maxillary and intermaxillary bones 
are in them rudimental. Their tails are finned on the under 
side only, — an admitted feature of the salmon in an embryotic 
stage ; and the mouth is placed on the under side of the head, 
— also a mean and embryotic feature of structure. These 
characters are essential and important, whatever the Eklin- 
burgh Reviewer may say to the contrary : they are the charac- 
ters which, above all, I am chiefly concerned in looking to, 
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for they are features of embryotic pn^ress, and embryotic 
progreaa is the grand key to the theory of deyelopment." 

Such IB the ingenioua piece of special pleading which this 
most popular of the Lamarckians directs against the standing 
and organization of the earlier fishes. Let us examine it 
somewhat in detail, and see whether the alight admixture of 
truth which it contains serves to do angfat more than to render 
current, like the gilding of a coanterfeit guinea spread over 
the base metal, the amount of error which lies beneath. I 
know not a better example than that which it furnishes, of 
the entanglement and perplexity in which the meshes of an 
artifi<nal classification, when converted, in argumentative pro- 
cesses, into symbols and abstractions, are sure to involve sub- 
jects simple enough in themselves. 

Fishes, according to the classification of a preponderating 
majority of the ichthyologisUi that have flourished Irom the 
earliest times down to those of Agassiz, have been divided 
iiLto two great series, — the Ordinary or osseous, and the Chm- 
drvpierygii or cartilaginous. And these two divisions of the 
class, instead of being ranged consecutively in a continuous 
line, the one in advance of the other, have been ranged in 
two parallel lines, the one directly abreast of the other. There 
is this further peculiarity in the arrangement, that the line of 
the cartilaginous series, from the circumstance that some of its 
fiunilies rise higher and some sink lower in the scale than any 
of the ordinary fishes, outflanks the artay of the osseous series at 
both ends. The front which it presents contains fewer genera 
and species than that of the osseoos division ; bnt, like the 
front of an army drawn out in single file, it extends along a 
greater length of ground. And to this long-fronted series of 
the cartilaginous, or, according to Cuvier, diondropterygxim 
fishes, the plauoid femilies of Agassiz belong,— among the 
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rest, the placoids of the Silariftn fbrmatioiis, Upper and Lower. 
But though all the placoida of this latter naturalist be carCila- 
gmous fishes, all cartilaginous fishes are not placoids. The 
SlurioniticB are cartilaginous, ani are, as such, ranked bj 
Cuvier among the Ckondropterygii, whereas Agassiz places 
them in his ganoid order. Many of the extinct fishes, too, 
such as the Aeanthodei, DipUridce, C^ihalaspidte, were, as we 
haye seen, cartilaginous in their internal framework, and yet 
true ganoids notwithstanding. The principle of Agassiz's 
classification wholly differs from that of CuTier and the older 
ichthyologists ; for it is a classification founded, not on the 
character of the internal, but on that of the cuticnlsr or der- 
mal skeleton. And while to the geologist it possesses great 
and obvious advantages over every other, — for of the earlier 
fishes very little more than the cuticular skeleton survives, — 
it has this farther recommendation to the naturalist, that (in 
so far at least as its author has been true to his own princi- 
pies), instead of anomalously uniting the highest and lowest 
specimens of their class, — the fishes that most nearly approxi- 
mate to the reptiles on the one hand, and the fishes that sink 
farthest towards the worms on the other, — it gathers into one 
consistent order all the individuals of the higher type, distin- 
guished above their fellows by their development of brain, the 
extensive range of their instincts, and the perfection of theii 
generative systems. Further, the history of animal existences, 
as recorded in the sedimentary rocks of our planet, reads a 
recommendation of this scheme of classification which it ex- 
tends to no other. We find that in the progress of creation 
the fishes beffan to be by gronpes and septs, arranged according 
to the principle on which it erects its orders. The placoids 
came first, the ganoids succeeded them, and the ctenoids and 
cycloids brought np the rear. The march has been marahalled 



T,Google 



CONSIDERED. 133 

according to an appointed programme, the order of which it i« 
peculiarly the merit of Agawii: to hare ascertained. 

Now, maj I request the reader to mark, in the first place, 
that what we have specially to deal with at the present stage 
of the argument are the placoid fishes of the Silurian forma- 
tions. Upper and Lower. May I ask him to take note, in the 
second, that the long-fronted ehondn^lwj^ian series of Curier, 
though it includes, as has heen already said, the placoid order 
of Agassiz, — just aa the red-blooded dirision of animals in- 
cludes the bimana and quadromana, — is no more to be re- 
garded as idetitieal with the placoids, than the red-blooded 
animab are to be regarded as identical with the apes or with 
the human family. It simply includes them in the character of 
one of the three great divisions into which it has been separated, 
— the dirision ranged, if I may so express myself, on the ex- 
treme right of the line ; its middle portion, or main body, being 
composed of the Sturwnet, a &mily on the general level of the 
osseous fishes ; while, ranged on the extreme left, we find the 
low division of the Suctorii, i. e. Gyclostomi, or Lampreys. 
But with the middle and lower divisions we hare at present 
nothing to do; fbrof neither of them, whether i^urtotMW or 16^- 
torii, does the Siloriaa S^rtem exhibit a trace. Further be it 
remarked, that the scheme of classification which gives an 
abstract standing to the Chondropterygii, is in itself merely a 
certain perception of resemblance which existed in certain 
minds, having cartilage for its general idea ; just as another 
certain perception of resemblance in one other certain mind 
had eutieular tkelston for its general idea, and as yet another 
perception of resemblance in yet other certain minds had red 
blood for its general idea. As shown by the disparities which 
obtun among the section which the scheme serves to separate 
fivm the others, it no more determines rank or standing than 
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that greatly more ancient scheme of clasufication int 
streakedandBpotted," which Berred to distinguish the 
the patriarch Jacob from those of Laban his fotbcar-in- 
which did not distinguish goats from sheep, nor sh< 
tattle. 

The efiect of introducing, after this manner, geneR 
made altogether irrespective of rank, and avowedly 
reference' to it, into what are inherently aad specifics 
liont of rank, admits of a simple illustration. 

Let us suppose that it was- not with the standin 
Silurian placoids that we had to deal, but with thf 
mammalt of the recent period, including the quadrum 
even the bitnana, and that we had ventured to descri 
in the words of the Edinburgh Reviewer, as " the ver 
types of their class." What would be thought of the 
who, in challenging the justice of the estimate, wou 
that these creatures, men as well as monkeys, belong< 
to that division of red-blooded animals which inclu 
the blmana and quadrumana, the frog, the gudgeon, 
earthworm ? — a division, he might add, " which, wht 
of oi^;anization are regarded, stretches farther, both di 
and upward," than that division of the white-blooded 
to which the crab, the spider, the cuttle-fish, and the 
fly belong ; " so that, looking at one extremity f that 
by the eiuthworm^, any one is as much entitled to 
red-blooded animals the lowest" division, as any other 
at another extremity, is to call them the " highest 
of animals." What, it might well be asked in reply 
earthworm, with its red blood, to do in a question r< 
the place and standing of the bimana? Or whai 
parallel case, have the Suetorii — the worms of Lim 
do in a question respecting the place and standing of 
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!b t Trae it is that, according to one principle of clas- 
nfication, now grown somewhat obsolete, men and earthworms 
are equally red-blooded animals ; true it h that, according lo 
another principle of classification, the placoids of Agassis and 
the cartilaginous worms of Liniueus are equally Chondrop- 
lety^i. The bimana and the earthworm have their red blood 
in common; the glutinous hag and the true placoids have as 
certainly their internal cartilage in common ; and if the fkci; 
of the red blood of the worm loweis in no degree the rank of 
the bimana, then, on the same principle, the lact of the inter- 
nal cartilage of the glutinous b^ cannot possibly detract from 
the standing of the true placoid. In both cases they are crea- 
tures that entirely differ, — the earthworms from the bimana, 
and the cartilagiaous leornw from the placoids ; and the clas- 
sification which tags them together, whether it be that of 
Aristotle or that of Cuvier, cannot be converted into a sort of 
minus quantity, of force enough to detract from the value and 
standing of the bimana in the one case, or of the true placoids 
m the other. It is in no degree derogatory to the human 
fiunily that earthworms possess red blood ; it is in no decree 
derogatory to the true placoids thnt the Suetorii possess carti- 
laginous skeletons. 

Let the reader now mark the use which has been made by^ 
the author of the " Yestiges," of the name and authority of 
Liiuffius. " Linnfeus," he states, " was so impressed by the 
low character of many of this order (the Chondroplerygii), 
that he actually ranked them with worms." Now, what is 
the fact here? Simply that Linnseus had no such general 
order as the CAondropterypii in his eye at all. Though 
chiefly remarkable, as a naturalist, for the artificialness of his 
classifications, his estimate of the cartilaginous fishes was re- 
markable — though carried too &r in its extremes, and in some 
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degree founded ia error — for an opposite quality. It was air 
estimate formed, in the main, on a natural baei& - Instead of 
taking their cartilaginous skeleton into account, he looked 
chiefly at their standing as animals; and, struck with that 
extent of front which they present, and with both their supe- 
riority on the extreme right, and their inferiority on the ex- 
treme left, to the ordinary fishes, he erected them into two 
separate orders, the one lower and the other higher than the 
members of the osseous line. And so far was he fixim re- 
ganling the true placoids, — those CAwdrcpterj^i which to an 
internal skeleton of cartilage add external plates, points, or 
spines of bone, — as low in the scale, that he actually raised 
them aboTe fishes altogether, hy erecting them into an order 
of reptiles, — the order AmpAihia NarOe*. Surely, if the name 
of Linnteus was to be introduced into this controversy at all, it 
ought to have been in connection with (Ai* special fact ; seeing 
that the point to be determined in the question under discus- 
sion is simply the place and standing of that very order which 
the naturalist rated so high, — not the place and ' En ding of 
the order which he degraded. It so happens that there is one 
of the Chandropterygii which, so far from being a true pla- 
coid, does not possess a sii^le osseous plate, point, or spine : it 
is a worm-like creature, without eyes, without moTeable jaws, 
without vertebral joints, without scales, always enveloped in 
slime, and greatly abhorred by our Scotch boatmen of the 
Moray Frith, who hold that it burrows, like the grave-worm, 
in the decaying bodies of the dead. And this creature, " the 
glutinous hag," or, according to north-country fishermen, the 
" ramper-eel," or " poison-ram per," was regarded by Linnseus 
as belonging, not to the class of fishes, but to the vermes. Now, 
thi» is the special fact with which, in the development contro- 
versy, the author of the " Vestiges" connects the name of the 
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Swedish natoTalist ! All the fish of the Silurian system be- 
longed to that tme placoid order nhich Linnteus, impresBed 
. by its high standing, erected into an order, not of worms, but 
of reptUea. He elevated A, the true placoid, while he de- 
graded B, the glutinous hag. But it was necessary to the 
argument of the author of the " Vestiges" that the earliest 
existing fish should be tept^ented as fish low in the scale ; 
and BO he has cited the name and authority of Linnejus in its 
bearing (^;aiii3t the glutinous hag B, as if it had borne against 
the standing of the true placoid A. The Paiagonians are the 
tallest and bulkiest men in the world, whereas their neigh- 
bours the Fuegians are a slim and diminutive race. And if, 
in some controversy raised regarding the real size of the more 
gigantic tribe, they were to be described as the " very talleit 
types of their class," any statement in reply, to the effect that 
some trustworthy voyager had examined certain races of the 
extreme sooth of America, and had found that they were both 
short and thin, would be neither relevant in its facts nor legi- 
timate in its bearing. But if the controversialist who thus 
strove to strengthen bis case by the voyager's authority, was 
at the same time fiilly aware that the voyager had seen not 
only the diminutive Faegians, but also the gigantic Patago- 
nians, and that he had described these last as very gigantic 
indeed, the introduction of the statement regarding the smaller 
race, when he wholly sank the statement regarding the laiger, 
would be not merely very irrelevant in the circumstances, but 
also very unJair. Such, however, is the style of statement to 
which the author of the " Vestiges" has (I trust inadvertently) 
resorted in this controversy. 

It is not uninstructiTe to mark how slowly and gradually 
the naturalists have been groping their way to a right classifi- 
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cation in the ichthyic department of iheir science, and hmr it 
has been that identical perception of reaembiance, "having 
eartihge for its general idea, to which the author of the " Ves- 
tiges" attaches so mnch importance, that has served mainlj to 
Tetwd thdr jiiiiguM Not ft few fiS the more distinguished 
among their number deemed it too important a distinction to 
be regarded as merely secondary ; and so long as it was re- 
tained as a primary charactemtic, the fishes failed to range 
themselves in the natural older; — dissimilar tribes were brought 
into close neighbourhood, while tribes nearly allied were wide- 
ly separated. It failed, as has been shown, to influence Lin- 
nsus ; and though he no doubt pressed bis peculiar views loo 
far when he degraded the glutinoos hag into a worm, and ele- 
vated the Sharks and Rays into reptiles, it is certainly worthy 
of remark that, in the scheme of classification which is now 
r^arded as the mo»t natural, — that of Professor Muller, mo- 
dified by Professor Owen, — the ichthyic worms of the Swede 
are placed in the first and lowest order of fishes, — the Der- 
rtuipteri, — and the greater part of bis ichthyic reptiles in the 
eleventh and highest, — the Plaffiottomi. Cuvier yielded, as 
has been shown, to the idea of resemblance founded on the 
material of the ichthyic framework, and so ranged his fishes 
into two parallel lines. Professor Oken, afi:et first enunciat- 
ing as law that " the characteristic orffan of fishes is the osseous 
system," confessed the " great difficulty" which attaches to the 
question of skeletal " texture or substance," and finally gave 
up the distinction founded on it as obstinately irreduceable to 
the purposes of a natural classification. " The cartilaginous 
fishes," he says, " appear to belong to each other, and are also 
usually arranged together ; yet amongst them we find those 
species, such as the Lampreys, which obviously occupy the 
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lowest grade of all fishes, while the Sharks and Rays remind 
iu of the Reptilia." And so, sinking the consideration of tex- 
ture altogether, he placed the family of the Lamprey, includ- 
ing the glutinous hag, at the bottom of the scale, and the 
Sharks and Bays at the top. Agassiz's system, peculiarly his 
own, has had the rare merit, as I have shown, of InmiBhing a 
key to the history of the Geh in its seTeral dynasties, which we 
may in yain seek in any other. His divisions, — if, retaining 
his strongly-miaked placoids and ganoids as orders stamped 
in the mint of nature, we throw his perhaps less obriously 
divisible ctenoids and cycloids into one order, — the corneous 
or hom-corered, — are scarcely less representatiTe of periods 
than those great classes of the veitebrata, mammals, birds, rep- 
tiles, and fishes, which we fiod not less regulaily ranged in 
their order of succession in the geolt^c record than in the 
" Animal Kingdom" of Cuvier, — a shrewd corroboration, in 
both cases, I am disposed to think, of the rectitude of the ar- 
rangement What seems to be the special defect of his sys- 
tem is, that haring erected his fi)ur orders, and then finding a 
certain number of residuary fimulies that, on his principle of 
cuticular character, stubbornly refused to fall into any deter- 
minate place, he distributed them among the others, with re- 
ference chiefly to the totally distinct principle of Gurier. Thus 
the Suctorii, soft, smooth, slimy-skinned fishes, that' do not 
possess a single placoid character, and are not true placoids, 
he has yet placed in his placoid order, influenced, apparently, 
by the " perception of resemblance that has cartilage for its 
central idea ;" and the eSect has been a massing into one ano- 
malous and entangled group the fishes of the fitst period of 
geoli^c history, with fishes of which we do not find a trace 
save in the existing scene of things, and of the highest femi- 
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lies of their claiB with femilies that occupy the lowest place. 
But we live in an age in which evtai the benefacton of the 
world of mind cannot make bbe atc^ with impunity ; and 
BO, while Agmaz'a lArte ichthjic orden will continue to be le- 
cognised by the palteontologist as the ordera of three great 
geologic periods, the Suclorii have already been struck trom 
off his higher fishes by the classification of Muller and Owen, 
and carried to that lowest point in the scale (indicated by 
LinnfBus and Oken) which their interior standing renders so 
obviously the natural one. Some of my readers may periup* 
remember how finely Bacon, in his " Wisdom of the An- 
cients," interprets the old mythologic story of Fromethens. 
Prometheus, says the philosopher, had conferred inestimable 
&Toura on men, by moulding their forms into sh^>e, and 
bringing them fire from heaTen; and yet they complained of 
him and his teachings to Jupiter. And the god, instead of 
censuring their ingratitude, was pleased with the complaint, 
and rewarded them with gifts. In putting nature to the ques- 
tion, it is eminently wholesome to be doubting, cross-examin- 
ing, complaining; ever demanding of our masteis and bene- 
&ctors the philosophers, that they should reign over us, not 
arhitiarily and despotically, 



but like our modem constitutional monarchs, who goietu by 
law ; and, fortber, that an appeal from their decisions on all 
subjects within the jurisdiction of Nature should for ever lie 
open to Nature herself. The seeming ingratitude of such s 
courae, if the " complaints" be made in a right spirit and on 
proper grounds, Jupiter always rewards with gifU. 

Let us now see for onrselTes, in this spirit, whether there 
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may not be Botnething absolutely derogatory, in the esUtence 
of a cartilaginous skeleton, to the creatures, possessing it ; or 
whether a deficit of internal bone may not be greatly more 
than neutralized, as it assuredly must have been in the view of 
LinnteuB, Muller,and Owen, by a larger than ordinary share of 
a vastly more important substance. 
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THE PLACOID BRAIN. 



EMBRYOTIC CHARACTERISTICS NOT NECESSARILY OP A 
LOW ORDER. 



That special substance, according to whose mass and d^rw 
of development all the creatures of this world take rank is 
the scale of cieadou, is not b<m4, but hrmn. Were animals 
to be ranged according to the solidity of their hones, the clan 
of birds would be assigned the first place ; the femily of the 
Fdida, including the tiger and lion, the second : and the 
other terrestrial canuTora the third. Man and the ha:bi- 
TOTous animals, though tolerably low tn the scale, would be 
in advance of at least the reptiles. Most of these, however, 
would take precedence of the sagacious Delphinida ; the 
osseous fishes would come next in order ; the true placoids 
would follow, succeeded by the Sturwnet; and the Suetorii, 
i. e. Cyclostomi or Lampreys, would bring up the rear. There 
would be evidently no order here ; the utter coniiision of such 
an arrangement, like that of the bite of a dissected map flung 
carelessly out of its has by a child, would of itself demonstrate 
the inadequacy and erroneousness of the regulating principle. 
But how very dilferent the appearance presented, when for 
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lolidUif of bone we substitate deoelopmmt of brain ! Man 
takes his proper place at the head of creation ; the lower mam- 
malia follow, — each species in due order, according to its mo- 
dicum of intelligence ; the birds succeed the mammalia ; the 
reptiles succeed the birds; the fishes succeed the reptiles; 
next in the long procession come the inTertebrat« animals; and 
these, too, take rank, if not according to their deTelopment of 
brain proper, at least according to their derelopment of the 
mbtlance of brain. The occipital nerrous ganglion of the 
scorpion greatly exceeds in size that of the earthworm ; and 
the occipital nerrous ring of the lobster, that of the intestinal 
ascaris. At length, when we reach the lowest or aerile divi- 
sion of the animal kingdom, the substance of brain altogether 
disappears. It has been calculated by naturalists, that in the 
Tertebrata, the brain in the class of fishes bears an average 
proportion to the spinal cord of about two to one ; in the class 
of reptiles, of about two and a half to one ; in the class of 
birds, of about three to one ; in the class of mammals, of about 
four to one ; and in the high-placed, sceptre-bearing hmnan 
&mily, a proportion of not less than tKenl^tkret to one. It 
is palpably according to development of brain, not develop- 
ment of bone, that we are to determine points of precedence 
among the animals, — a &ct of which no one can be more 
thoroughly aware than the author of the " Vestiges" himself. 
Of this let me adduce a striking instance, of which I shall 
make farther use anon. 

"All life," says Oken, " is &om the sea; none from the 
continent. Man also is a child of the warm and shallow parts 
of the sea in the neighbourhood of the land." Such also was 
the hypothesis of Lamarck and Maillet. In following up the 
view of his masters, the author of the " Vestiges" fixes on the 
Delphinida as the sea- inhabiting prt^enitors of the umial fo- 
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mily, and, through the simial ftunilj, of man. For that high- 
est order of the mammalia to which the Simiadts (monkeys) 
belong, " there remains," he says, " a basis in the Ddphinida, 
the last and smallest of the cetacean tribes. This affiliation 
has a special support in the brain of the dolphin &mily, nhich 
is distinctly allowed to be, in proportion to general bulk, the 
greatest among mammalia next to the ouiang-outang and man. 
We leara from Tiedemann, that each of the cerebral hemispheres 
is composed, as in man and the monkey tribes, of three lobes, — 
an anterior, a middle, and a posterior ; and these hemispheres 
present much more numeroos circum volutions and grooves 
than those of any other animal. Here it might be rash to 
found anything upon the ancient accounts of the dolphin, — its 
lamiliarity with man, and its helping him in shipwreck and 
various marine disasters; although it is difficult to believe 
these stories to be altogether without some basis in &ct There 
is no doubt, however, that the dolphin evinces a predilection 
for human society, and charms the mariner by the gambols 
which it performs beside his vessel." 

Here, then, the author of the " Vestiges" palpably founds 
on a large development of brain in the dolphin, and on the 
manifestation of a correspondingly high order of instincts ; and 
this alt4^ether irrespective of the structure or composition of 
the creature's internal skeleton. The substance to which he 
looks as all-important in the case is brain, not bone. For 
were he to estimate the standing of the dolphin, not by its 
toaio, but by its skeleton, he would have to assign to it a 
place, not only not in advance of its brethren the ntammalia 
of the sea, but even in the rear of the reptile* of the sea, — the 
marine tortoises, or turtles, — and scarce more than abreast f£ 
the osseous fishes. " Fishes," says Professor Owen, in his 
" Lectures on the Vertebrate Animals," " have the least pro- 
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low in the 
scale, notwithstanding the largeness of their hrains, simply be- 
cause their skeletons are soft ? It is not too much to demand, 
that on the principle which he himself recognises as just, he 
should either degrade the dolphin or elevate the placoid. For 
it is altJ^ether inadmissible that he should reason on one set 
of laws when the exigencies of his hypothesis require that 
creatures with soft skelelcns should be raised in the scale, and 
on another and entirely different set when its necessities de- 
mand that they should be depressed. 

But do the placoids possess in reality a large development 
of brain ? I have examined the brains of almost all the com- 
mon fish of our coast, both osseous and cartilaginous, not, I 
iear, with the skill of a TIedemann, but all the more intelli- 
gently in con8e<^uence of what Tiedemann had previously done 
and written ; and so I can speak with some little confidence 
on the subject, so far at least as my modicum of experience, 
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thus acquired, extends. Of all the camm(m fish of the Scot- 
tish seas, the spotted or lesser dog-fish bean, in proportion to 
its size, the largest brain ; the gray or picked dog-fish ranks 
next in the degree of development ; the Ra^s, in their various 
species, follow after ; and the osseous fishes compose at least 
the great body of the rear ; while still further behind, there 
lags a hapless class, — the Suctorii, one of which, the glutinous 
hag, has scarce any brain, and one, the Ampkiomu or lance- 
let, wants brain altogether. I have compared the br^n of the 
spotted dog-fish with that of a young alligator, and have found 
that in scarce any perceptible d^p^e vtas it inferior, ia point 
of bulk, and very slightly indeed in point of organization, to 
the brain of the reptile. And the instincts of this placoid fa- 
mily — one of the truest existing representatives of the placoids 
of the Silurian system* to which we can appeal — correspond, 
we invariably find, with their superior cerebral development. 
I have sees the common dog-fish, S^nax Aeanthiax, hovering 
in packs in the Moray Frith, some one or two lUtboms away 
from the side of the herring boat from which, when the fisher- 
men were engaged in hauling their nets, I have watched them, 
and have admired the caution which, with all iheir ferocity 
of disposition, they rarely failed to manifest ; — how they kept 
aloof from the net, even more warily than the cetacea them- 
selves, — though both dog-fish and cetacea are occasionally en- 
tangled ; — and bow, when a few herrings were shaken loose 
from the meshes, they at once darted upon them, exhibitiDg 
for a moment through the green depths, the pale gleam of 



• Tbe Silarian pl&coids ore nwil adeqaatety represented by the Oatra- 
dan of tbe Boatbem hemiaphere; bnl t know not that of the peculiar 
character and inetincts of tbie intcroating placoid,- — tbe laat of its race, — 
tbere is snjtblng known. For its fOrm and general appearance see fig. 
55, p. 18B. 
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their abdomens, as they turaed upon their ddei to seize the 
desired morsels, — a motion rendered necessary by the position 
of the mouth in this iamilj ; — and how next, their object ac- 
complished, they fell back into their old position, and waited 
on as before. And I have been assnred by intelligent fisher' 
men, that at the deep-sea white-fiahing, in which baited hooks, 
not nets, are employed, the degree of shrewd caution exercised 
by these creatures aeetna more extraordinary still. The hatred 
which the fisher bears to them arises not more from the actual 
amount of mischief which they do him, than from the circum- 
stance that in most cases they persist in doing it with complete 
impunity to themselves. I hare seen, said an observant Cro- 
marty fisherman to the writer of these chapters, a pack of dog- 
fish watching beside our boat, as we were hauling our lines, 
and severing the hooked fish, as they passed them, at a bite, 
just a little above the vent, so that they themselves escaped the 
swallowed hook; and I have frequently lost, in this way, no 
inconsiderable portion of a fishing. I have observed, however, 
he continued, that when a fr«sh pack of hungry dog-fish came 
up, and joined the pack that had been robbing us so coolly 
and at their leisure, a sudden rashness would seize the whole, 
— the united packs would become a mere heedless mob ; and, 
rushing forward, they would swallow our fish entire, and be 
caught themselves by the score and the hundred. We may 
see something very similar to this taking place among the 
shrewder mammalia. When pug refuses to take his food, his 
mistress straightway calls upon the cat, and, quickened by the 
dread of the coming rival, he gobbles up his rations at once. 
With the comparatively large development of brain, and the 
corresponding manifestation of instinct, which the true pla- 
coids exhibit, we find other unequivocal marks of a general 
superiority to their class. In their reproductive organs they 
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ranic, not witb the common fidies, nor even with the lower 
reptiles, but with the Cheloniana and the Sauria. Among the 
Rays, as among the higher animals, there are individual at- 
tachments formed between male and female : their e^s, un- 
like the mere spawn of the osseous fishes, or of eTeu the Ba- 
trachiauB, are, like those of the tortoise and the crocodile, com- 
paratively few in number, and of considerable size : their 
young, too, like the young of birds and of the higher reptiles, 
pass through no such metamorphosis as those of the toad and 
frog, or of the amphibia generally. And some of their num- 
ber — the common dog-fiah, for instance — are ovoviviparous, 
bringing forth their young, like the common viper and the 
vinparooB lizard, alive and fully formed. 

" But such features," says the author of the " Vestiges," re- 
ferring chiefly to certain provisions connected with the repro- 
ductory ayBtem in the placoids, " are partly partaken of by 
families in inferior sab-kingdoms, showing that they cannot 
truly be regarded as marks of grade in their own class." Nay, 
ungle features do here and there occur in the inferior sub- 
kingdoms, which very nearly resemble single features in the 
plaeoid character and organization, which even very nearly 
resemble sii^le features in the human character and organiza- 
tion ; but is there any of the inferior anb-kingdoms in which 
there occurs such a coUocatioa of features ? or does such a col- 
location occur in any class of animals, — setting the placoids 
wholly out of view, — which is not a high class ? Nay, &r- 
ther, does there occur in any of the inferior sub-kingdoms, — 
existing even as a single feature, — that most prominent, lead- 
ing characteristic of this series of fishes,— a large brain ? 

But is not the " cartilaginous structure" of the placoids ana- 
togons to the embryotic state of vertebrated animals in gene- 
ral ? Do not the other plaeoid peculiarities to which the 
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of the SharlcB and Rajs poasesa each, as has been shown, an 
ofiseouB nucleu§, which retaiiu, when subjected to the heat of 
a common fire, the complete form of the joint ; and their cra- 
nial framework hai its aur&ce always corered OTer with hard 
osseoos points. But though theii skeletons possess thus their 
modicum of bone, unlike those of embijotic birds or mammala, 
they contain, in what is properly their cartilage, no gelatine. 
The analogy signally fiiils in the rery point in which it has 
been deemed specially to exist The cartilage of the Cion- 
dropterj/gii is a substance so essentially diflerent from that of 
young or embryotic birds and mammals, and so unique in the 
animal kingdom, that the heated water in which the one readi- 
ly dissolves has no efi«ct whatever upon the other. It is, how- 
ever, a curious circumstance, exemphfied in some of the ^lark 
&mily,* though it merely serves, in its exceptire character, to 
establish the general fact, that while the rays of the double fins, 
which answer to the phalanges, are all formed of this iiMfu- 
toltAU cartilage, those rays which constitute their outer frame- 
work, with the nys whidi constitute the framework of all the 
dngle fins, are composed of a muemdal cartilage, which boils 
into glue. At certwi definite lines a change occurs in the 
texture of the skeleton ; and it is certainly soggestive of 
thought, that the difference of substance which the change 
involves distinguishes that pact of the skeleton which is homo- 
k^cally representative of the skeletons of the higher vertebtsta, 
fivm that part of it which is peculiar to the creature as a fish, 
viz. the dorsal and caudal rays, and the extremities of the 
double fins. These emphatically ichthyic portions of the ani- 
mal may be dissipated by boiling, whereas what Linnteus 



* Sueli ai tba dog-fiatMB, picked and ipotMd. 
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would perhaps term its reptilian portion abid«B the heat with- 
out reduction. 

But is not the ooe-Eided tail, so charaoteristic of the sharks, 
and of almost all the ancient ganoids, also a characteristic of 
the young salmon just burst firom the egg i Yes, assuredly ; 
and, so tar as research on the subject has yet extended, of not 
only the salmon, but of all the other osseous fishes in their 
foBtal Mate. The sahnon, on its escape from the egg, is a little 
monster of about three quarters of an inch in length, with a 
huge heart-shaped bag, as bulky as all the rest of its body, de- 
pending from its abdomen. In this bag prondent nature has 
packed up for it, in lieu of a nurse, food for five weeks ; and, 
moTing about everywhere in its shallow pool, with its provi- 
sion knapsack slung fitst to it, it reminds one disposed to be 
frinciful, save that its burden is oa the wrong aide, of Scottish 
soldiers of the olden time summoned to attend their king in 



Around that terminal part of the creature's body traversed by 
the caudal portion of the vertebral column, which commences 
in the salmon immediately behind the veutrals, there runs at 
this period, and for the ensuing five weeks in which it does 
not feed, a membranous fiinge or fin, which exactly resembles 
that of the tadpole, and which, esisting simply as an expan- 
sion of the skin, exhibits no marks of rays. In the place of 
the true caudal fin, however, we may detect, with the assist- 
ance of a leas, an internal framework with two well-marked 
lobes, and ascertain, further, that this bul is set on awry, — the 
effect of a slight upward bend in the creature's body. And 
when viewed in a strong light as a transparency, we perceive 
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that ibe spiDal cord takes the same upward bend, and, as in 
the sturgeoiL, paesea in an exceedingly attenuated form into 
the upper lobe. What nay be regarded as the detiffn of the 
arrangement is probably to be found in the peculiar form giren 
to the little creatate by the protubemnt bag in front. A wise 
instinct teaches it, from the moment of its exclusion from the 
egg, to avoid its enemies. In the instant the human shadow 
^Is upon its pool, we see it darting, with singular alacrity, 
info some recess at the sides or bottom ; and in order to en- 
able it to do so, and to steer itself aright, — as, like an ill-trim- 
med vessel, deep in the water a-head, the balance of its body 
is imperfect, — there is, if I may so express myself a betero- 
cercal peculiarity of helm required. It has got an irregularly- 
dereloped tail to balance an irregularly-developed body, as 
skifls lean on the one beam and Jiitl on the other require, m 
rowing, a cast of the ruddw to keep them straight in their 



Sinking altogeOier, however, the final cause of the pecu- 
liarity, and regarding it simply as a/eetal one, that indicates a 
certain stage of imperfection in the creature in which it occni&, 
on what principle, I ask, are we to infei that what is a sign of 
immaturity in the young of one set of animals, is a mark of 
inferior organization in the adult forms of another set ? The 
want of eyes in any of the animal families, or the want of or- 
gans of progression, or a fixed and sedentary condition, like 
that of the oyster, are all marks of great inferiority. And yet, 
if we admit the principle, that what are evidences of imma- 
turity in the young members of one family are signs of in- 
ferior organization in the fiilly-grovm members of another, it 
could easily be shown that eyes and legs are defects, and that 
the unmoving oyster stands higher in the scale than the ever- 
restless fish or bird. The immature Tnhularia possess loco- 
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motive powers, whereas in tfaeii fiillj developed state they re- 
main fixed to one spot in their convoluted tubes. The imma- 
ture Lepeu is furnished with members well adapted for swim- 
ming, and with which it swims ireely ; as it rises towards ma- 
turity, these become blighted and weak ; and, when fa&y 
grown, — fixed by its fleshy pedicle to the rock or floating log 
to which it attached itself in its transition state, — it is no 
longer able to swim. The immature Baianui is furnished 
with two ejes : in its state of maturi^ these are extinguished, 
and it passes its period of full development in darkness. Fm'- 
ther, it is not generally held that in the human family a white 
skin is a decided mark of d<^;Tadation, but rather the reverse ; 
and yet nothing can be more certain than that the Negro fcetus 
has a white skin. Since eyes, and oi|;ans of progression, and 
a power of moving Ireely, and a white skin, are mere embry- 
otic peculiarities in the Balantu, the Lepat, the Tuintlaria, 
and the N^o, and yet are ia themselves, when found in the 
mature animal, evidences of a high, not of a low standing, on 
what principle, I ask, are we to infer that the pecuharity of a 
heterocercal tail, embryotic in the salmon, is, when found in 
the mature placoid, an eridence, not of a high standing, hut of 
a low ? Every true analogy in the case favours an exactly op- 
posite view. In the heterocercal or one-sided tail, the verte- 
bral joints gradually diminish, as in the tails of the Saitria 
and Ophidia, till they terminate in a point ; whereas the ho- 
mocercal tail conunon to the osseous fishes exhibits no true 
analogy with the tails of the higher orders. Its abruptly ter- 
minating vertebral colimm, immensely developed posterior pro- 
cesses, and broadly expanded osseous rays, seem to be simply 
a few of the many marks of decline and degradation which 
fishes, the oldest of the vertebrata, exhibit in this late age of 
the world, and which, in at least the earUer geologic periods. 
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when they were greatly younger as a class, they did not be- 
tray. 

In illustration of thia view, I would &in recommend to the 
reader a simple experiment. Let him procure the tail of a 
D dog-fiab (fig. 54, a), and, cutting it across about half 

Fig. 54. 



au inch above where the caudal fin begins, let him boil it 
smartly for about half an hour. He will iirat see it swell, and 
then bunt, all around those thinner parts of the fin that are 
traversed by the caudal rays, — wholly mucoidal, as shown by 
thia teat, in their texture, and which yield to the boiling water, 
as if formed of isinglass. They finally disGolve, and drop away, 
with the surrounding cuticular integument ; and then there 
only remains, as the insoluble fiaiDework of the whole, the 
bodies of Hie rert^bne, with their neural and haemal processes. 
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Tbe tail has now lost much of its ichthyic character, and has 
acquired, instead, a considerable degree of lesemblance to the 
reptilian tail, aa ex«nplified in the sauriaus. I have intro- 
duced into the wood-cut, for the purpose of comparison, the 
tail of the ichthjosaurua (£.) It cotiaists, like the other, of a 
series of gradually diminishing vertebrte, and must hare also 
supported, says Professor Owen, a propelling fin, placed verti- 
cally, as in the shark, which, howerer, from its perishable na- 
ture, has in eTery instance disappeared in the earth, as that of 
the dog-fish disappears in the boiling water. It will be seen 
that its processes are comparatively smaller than those of the 
fish, and that the bodies of its vertebrs are shorter and bulkier ; 
but there Is at least a general correspondence of the parts ; and 
were the tail of the crocodile, of which the rertebral bodies are 
slender and the processes large, to be substituted for that of 
the enaliosaur here, the correspondence would be more marked 
still. After thus dewhfnn^ the tail of the reptile out of that 
of the fish, — as the Irish magician of the tale developed young 
ladies out of old women, — simply by boiling, let the reader 
proceed to a second stage of the experiment, and see whether 
he may not be able still farther to derelope the reptilian tail 
so obtained, into that of the mammal, by buminff. Let him 
spread it out on a piece of iron hoop, and thrust it into the 
fire ; and then, after exposure for some time to a red heat has 
consumed and dissipated its merely cartdlaginous portions, such 
as the neural and hoemal processes, with the little pieces which 
form the sides of the neural arch, and left only the whitened 
bodies of the vertebre, let him say whether the bony portion 
which remains does not present a more exact resemblance to 
the mammiferous tail,— 4hat of tbe dog, for example, — than 
anything else he ever saw. The Lamarckians may welt deem 
it an unlucky circumstance, that one special portion of their 



T,Google 



156 THE PLACOID TAIL. 

theorj should demand the depreciation of the heterocercal tail, 
seeing that it might he represented irith excellent efiect in an- 
other, as not merely a connecting link in the upward march of 
pn^resaion between the tail of the true fish aod that of the 
true reptile, hut as actually containing in itself, — as the cater- 
pillar cont^ns the future pupa and butterfly, — the elements of 
the reptilian and mammiferous tail. If there be any Tirtue in 
analogy, the heterocercal tail is, I repeat, of a decidedly higher 
type than the homocercal one. It furnishes the Grat knona 
example in the rertebrata of those coccygeal Tertehrce diminish- 
ing to a point, which characterize not only all the higher rep- 
tiles, but also all the higher mammals, and which we find re- 
presented by the 0> coecggit in man himself. But to this spe- 
cial point I shall again refer. 

With regard to that rudimentary state of the oeeipilal frame- 
work of the placoids to which the author of the " Vestiges* 
refers, it may be but necessary to say that, notwithstanding the 
simplicity of their box-like skulls, they hear in their charactn, 
as cases for the protection of the brain, at least as close an 
analc^ to the skulls of the higher animals, as those of the 
osseous fishes, which consist usually of the extraordinary num- 
ber of from sixty to eighty bones, — a mark — the author of the 
« Vestiges" himself being judge in the case— rather of in- 
feriority than the reTetse. " ElcTation is marked in the scale," 
we find him saying, "by an animal exchanging a multiplicity 
of parts serring one end, for a smaller nnmher." The skull of 
a cod condsts of about thrice as many separate bones as that of 
a man. But I do not well see that in this case the fiict either 
of timplidty in excess or of multiplicity in excess can be in- 
sisted upon in either direction, as a proper basis for argoment. 
Nearly the same remark applies to the masillaries as to the skull. 
The under jaw in man consists of a single bone ; that of the 



T,Google 



THE PLACOID CRANIUM AND THE MOUTH. 157 

thoniback, — if we do not iacliide the two suspending ribt, 
which belong equally to the upper jaw, — of two bones (the 
number ia well-nigh all the mammiferoos quadrupeds) ; that 
of the cod, of four bones, and, if we include the suspending 
riia, of twelve. On what principle are we to hold, with one 
as the representatire nomber of the highest type of jaw, that 
two indicates a lower standing than^^ur, or/our than itoelve? 
In reference to the further statement, that in man; of the an- 
cient fishes " traces can be obserred of the muscles having been 
attached to the external plates, strikingly indicating their low 
grade as vertebrate animals," it may be answer enouffh to state, 
that the peculiarity in question was not a characteristic of the 
mott ancient fishes, — the placoids of the Silurian system, — but 
of some ganoids of the succeeding systems. The reader may 
remember, as a case in point, the example furnished hy the 
nail-like bone of AtteroUpit, figured in page Ul, in which there 
exists depressions resembling that of the round Ugament in the 
head of the quadrupedal thigh-bone. And as for the remark 
that the opening of the mouth of the placoid " on the under 
side of the head," is indicative of a low embryotic condition, it 
might be almost sufficient to remark, in turn, that the lowest 
family of fishes, — that to which the supposed worms ot Lin- 
n»us belong, — have the mouth not under, but at the anterior 
termination of the head, — in itself an evidence that the posi- 
tion of the month at the extremity of the muzzle, common to 
the greater number of the osseous fishes, can be no very high 
character, seeing that the humblest of the Sa/Horii possess it ; 
and that many osseous fishes, whose mouths open, not on the 
under, bnt the upper side of the snout, as in the distorted and 
ssymetrical genus Plategga, are not only in no degree superior 
to their bony neighbours, and far inferior to the placoid ones, 
but bear, in direct consequence of the arrangement, an espres- 
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sion cJ nnmistalceable stupidity. The objection, however, ad- 
mits of a greati; more conclunTe reply. 

" This fish, to speak in the technical language of Agassix," 
taya the Edinburgh Reriewer, in reference to the ancient icfa- 
thjoBte of the Wenlock Shale, " nndoubtedly belongs to tbe 
Cestradont fiunily of the placoid order, — pioTing to demon- 
stration that the oldest known fossil fish f 18453 belongs to 
the highest type of that division of the Tertebrata." I may 
add, that the character sad family of this ancient specimen 
was determined by our highest British authority in fossil ich- 
thyology, Sir Philip Egerton. And it is in depreciation of 
Professor Sedgwick's statement regarding its high standing 
that the author of the " Vestiges" refers to the supposed in- 
feriority indicated by a mouth opening, not at the extremity 
of the mnzzle, but under the head. Let us, then, fiilly grant, 
for the argument's sake, that the occurrence of tbe mouth in 
the muzzle it a sign of superiority, and its occurrence under 
the head a mark of inferiority, and then ascertain how the febt 
stands with regard to the Cettracion. " The Cestracion sub- 
genus," says Mr James Wilson, in his admirable treatise on 
fishes, which forms the article Ichthtoujgy in the " Encyclo- 
paedia Britannica," " has the temporal aperture, the anal fin, 
and rounded teeth, of Sjualut dfutteln* ; hut the mouth i$ ter- 
minal, or AT THE EXTREMITY OP THE POINTED MUZZLE." The 

accompanying figure (55), taken from a specimen of Cetlraaon 
in the collection of Professor John Fleming, may be regard- 
ed as of some little interest, both from its direct bearing on the 
point in question, and from the circumstance that it represents, 
not inadequately for its size, the sole surviving species (Ces- 
traeion PhUlippi) of the oldest vertebrate family of creation. 
With this family, so for as is yet known, ichthyic existence 
first began. It does not appear that on the glohe which we 



T,Google 



CRANIUM AND MOUTH. 
Fig. 55. 



PDHT-jACEUN suAHE (Cotroeiim Phiaip^J. 

inhabit there was ever an ocean tenanted bj living creatures 
at all that had not its Ceftraeion, — a statement which could 
not be made regarding anj other vertebrate £imi]y. In Agaa- 
aiz's " Tabular View of the Genealt^ of Fishes," the Cestra- 
cionts, and they onlj, sweep across the entire geologic scale. 
And, as shown in the figure, the mouth in this ancient feinily, 
instead of opening, as in the ordinary sharks, under the middle 
of the head, to expose them to the suspicion of being crea- 
tures of low and embryotic character, opened in a broad honest^ 
looking muzzle, very much resembling that of the hog. The 
moutlis of the most ancient placoids of which we know any- 
thing did not, I reiterate, opat under thmr Aeade. 

But why introduce the element of embryotic progress into 
this question at all ? It is not a question of embryotic pro- 
gress. The very l^erdemain of the sophist, — the juggling by 
which he substitutes his white balls for black, or converts his 
pigeons into crows, — consists in the art of attaching the con- 
clusions founded on the facts or conditions of one subject, to 
some other subject essentially distinct in its nature. Gesta- 
tion is not creation. The history of the young of animals in 
their embryotic state is simply the history of the fcetal young ; 
just as the history of insect transformation, in which it has 
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been held by good mea but weak reasoners tiiat there exists 
direct evidence of the doctrine of the Resurrection, is the his- 
tory of insect transfoimation, and of nothing else. True, the 
human mind is so constituted that it conTerts all nature into a 
storehouse of comparisons and analogies ; and this £ict of the 
metamorphosis of the creeping caterpillar, after first passing 
through an intermediate period of apparent death as an inert 
aurelia, into a winged imago, seems to have seized on the 
human fancy at a very early age, as wonderfully illustratire of 
life, death, and the future state. The Egyptian? wrapped up 
the bodies of their dead in the chrysalis form, so that a mummy, 
in their apprehension, was simply a human pupa, waiting the 
period of its enlargement ; and the Greeks had but one word 
in their language for butterfly and the soul. But not the less 
true is it, notwithstanding, that the fads of insect transfbrma- 
tioa finnish no le^limate key to the totally distinct facts of a 
resuiredion of the body, and of a life after death. And on 
what principle, then, are we to trace the origin of past dynas- 
ties in the changes of the fcetus, if not the rise of the fiiture 
dynasty in the transformations of the caterpillar? "These 
[embiyotic^ characters [^that of the heterocercal tail, and of 
the mouth of the ordinary shark type] are essential and im- 
portant," remarks the author of the " Vestiges," " whatever 
the Edinburgh Reviewer may say to the contraiy ; — they are 
Ae cbaiacters which, above all, 1 am chiefly concerned in 
looking to, for they are the features of embryotic progress, and 
embiyotic prepress is the grand key to the theory of develop- 
ment." Yes ; the grand key to tie theory of fmtal develop- 
ment; for embryotic progress m ftetal development. But on 
what is the assertion based, that they form a key to the history 
of creation ? Aurelia are not human bodies laid out for the 
sepulchre, nor are butterflies human souls ; as certainly gesta- 
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tiou is not creatioii, nor a life of months in the uterus a sue- 
cession of races for millioiis of ages outside of it. On what 
grounds, then, is the assertion made ? Does it embody the 
result of a discovery, or announce the message of a rerelation! 
Did the author of the " Vestiges" find it out for himself, or 
did an ai^el from heaven tell it him ? If it be a discovery, 
show us, we ask, the steps through which you have been con* 
ducted to it ; if a revelation, produce, for our satistaction, the 
evidence on which it rests. For we are not to accept as data 
in a question of science, idle comparisons or vague analogies, 
whether produced through the intentional juggling of the 
sophist, or involuntarily conjured up in the dreamy delmnm 
of an excited &ncy. 

It is one of the difficulties incident to the task of replying to 
any dogmatic statement of error, that every mere annunciation 
of a &lse fiict or &lse principle must be met by elaborate coun- 
ter-statement or oarefiilly constructed argument, and that pro- 
lixity is thus unavoidably entailed on the controversialist who 
labours to set right what his antagonist has set wrong. The 
promulgator of error may be lively and entertaining, whereas 
his pains-taking confdtator runs no small risk of being tedious 
and dull. Hay I, however, solicit the forbearance of the 
reader, if, after already spending much time in skirmishing on 
ground taken up by the enemy, — one of the disadvantages in- 
cident to the mere defendant in a controversy of this nature, — 
I spend a little more in indicating what I deem the proper 
ground on which the standing of the earlier vertebrata should 
be decided. To the test of ^otn I have abeady referred as all- 
important in the question : I would now r^er to the test of 
what may be termed Aomoloffieal symmetry of organization. 
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THE PROGRESS OF DEGRADATION. 



ITS HISTORY. 



Though all animals be fitted by nature for the life which their 
instincts teaoh them to pursue, natuialigts have learned to re- 
cognise among them certain aberrant and mutilated forms, in 
which the type of the special class to which thej belong seems 
distorted and degraded. They exist as the monster familUt 
of creation, jost as among fomilies there appear from time to 
time monster inditndaah, — men, for instance, without feet, or 
hands, or eyes, or with their feet, hands, or eyes grievously 
misplaced, — sheep with their fore legs growing out of their 
necks, or ducklings with their wings attached to their haunches. 
Among these degraded races, that of the fiwtless serpent, which 
" goeth upon its belly," has been long noted by the theologian 
as a race typical, in its condition and nature, of an order of 
hopelessly degraded beings, borne down to the dust by a cling- 
ing curse; and, curiously enough, when the first comparative 
anatomists in the world give their readiest and most promi- 
nent instance of degradation among the denizens of the natu- 
ral world, it is this very order of footless reptiles that they 
select. So far as the geologist yet knows, the Ophidians did 
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not appear during the Secondary E^es, when the monarchs of 
creation belonged to the reptilian diTisioH, but were usheted 
upon the scene in the times of the Tertiary deposits, when the 
mammalian dynasty had supplanted that of the Iguanodon 
and Megalosanrue. Their ill-omened birth took place when 
the influence of their house was on the wane, as if to set such 
a stamp of utter hopelessness on its fallen condition, as that 
set by the birth of a worthless or idiot heir on the fortunes of 
a sinking laiaily. The d^radation of the Ophidians consists 
in the absence of limbs, — an absence total in fay much the 
greater number of their families, and represented in others, as 
in the faoas and pythons, by mere abortiye hinder limbs con- 
cealed in the skin ; but they are thus not only wantten through, 
defect of part*., if 1 may so express myself but also tmmler» 
through redtatdaneif, as a vegetative repetition of rertebrte and 
ribs to the number of three or four hundred forms the special 
contriTance by which the want of these is compensated. I am 
also disposed to regard the poison-b^ of the venomous snakes 
as a mark of degradation ; — it seems, judging from analogy, to 
be a protective provision of a low character, exemplified chiefly 
in the invertebrate families, — ants, centipedes, and mosquitos, 
— spiders, wasps, and scorpions. The higher camivora are, we 
find, furnished with unpoisoned weapons, which, like those of 
civilized man, are sufficiently effective, — simply from the ex- 
cellence of their construction, and the power with which they 
are wielded, — for every purpose of assault or defence. It is 
only the squalid savages and degraded boschmen of creation 
that have their feeble teeth and tiny stings steeped in venom, 
and so made formidable. Momtronty through ditpheement of 
partt constitutes yet another form of degradation ; and this 
form, united, in some instances, to the other two, we find 
curiously exempUfied in the geological history of the fish, — a 
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history which, with all its blanks and missing portions, is yet 
better known than that of any other division of the vertebrata. 
And it is, I am convinced, from a survey of the progress of 
degradation in the great ichthyic division, — a progress record- 
ed as " with a pen of iron in the rock for ever," — and not firom 
superficial views founded on the cartilaginous or non-cartita- 
ginouB texture of the ichthyic skeleton, that the standing of 
the kingly fishes of the earlier period is to be adequately de- 
termined. Any other mode of survey, save the parallel mode 
which takes development of brain into account, evolves, we 
find, nothing like principle, and lands the inquirer in inextri- 
cable di£ficultie8 and inconsistencies. 

In all the higher non-degraded vertebrata we find a certain 
uniform type of skeleton, consisting of the head, the vertebral 
column, and four limbs ; and these last, in the various sym- 
metrical forms, whether exemplified in the higher fish, the 
higher reptiles, the higher birds, the higher mammals, or in 
man himself, occur always in a certain determinate order. In 
all the mammals, the scapular bases of the fore Umbs b^n op- 
posite the eighth vertebra from the skull backwards, the seven 
which go before bemg cervical or neck vertebrsB ; in the birds, 
— a division of the vertebrata that, from their peculiar organi- 
zation, require longer and more flexible necks than the mam- 
mals, — the scapulars begin at distances from the occiput vary- 
ing, according to the species, from opposite the thirteenth to 
opposite the twenty-fourth vertebra; and in the reptiles, — a 
division which, according to Cuvier, "presents a greater di- 
versity of forms, characters, and modes of gait, than any of 
the other two," — they occur at almost all points, from opposite 
the second vertebra, as in the fr<^, to opposite the thirty-third 
or thirty-fourth vertebra, as in some species of plesiosaurus. 
But in all, — whether mammals, birds, or undegraded reptiles. 
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ey are so placed, that the creatuies possess neck*, of 
ter or less length, aa an essential portion of theii general 
The hinder limbs have also in all these three divisions 
le animal kingdom their typical place. They occur oppo- 
or very nearly opposite, the posterior termination of the 
iminal cavity, and mark the line of separation between the 
ibrffi of the trunk (dorsal, lumbar, and sacral), and the 
1 and last, or caudal division of the column, — a division 
esented in man by but four vertebra, and in the crocodile 
hout thirty-five, but which is found to exist, as I have al- 
y said, in all the more perfect forma. The limbs, then, in 
he symmetrical animals of the first three classes of the 
;brata, mark the three great divisions of the vertebral 
mn, — the division of the neck, the division of the trunk, 
the division of the tail. Let us now inquire bow the case 
ds with the fourth and lowest class, — that of the Ushes. 
1 those esbting piacoids that represent the fishes of the 
est Tertebrate period, the places of the double fins, — pec- 
3 and ventrals, — which form in the ichthyic class the true 
ologues of the limbs, correspond to the places which these 
py in the symmetrical mammals, birds, and reptiles. The 
ular bases of the fore or pectoral fins ordinarily begin op- 
le the twelfth or fourteenth vertebras;* but they range, as 
lan and the mammals, in a forward direction, so that the 
themselves ate opposite the eighth or tenth. The pelvic 
s of the ventral fins are placed nearly opposite the base 
le abdomen, so that, as in all the symmetrical animals, the 
opens between, or nearly between, those hinder limbs 
■h the bases support. In the Rays, which, so for as is 
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yet known, did not appear in creation until the Secondary ages 
had begun, the bases of the ftire limbs, i. e. pectoral fins, are 
attached to the lower part of a huge cervical vertebra, nearly 
equal in length to all the trunk vertelu-ffi united ; and in the 
Gbimeridie, which also first appear in the Secondarj division, 
they are attached, as in the osseous fishes, to the hinder part 
of the head. But in the representatives of all those Silurian 
placoids yet known, of which the femily can be determined, or 
anything with safety predicated, the cervical division is found 
to occur as a series of vertebne : they present in this, as in the 
htndo' portion of their bodies, the homological symmetry of 
organization typical of that vertebral sub-kingdom to which 
they belong. 

In the second great period of ichthyic existence, — that of the 
Old Red Sandstone, — we find the first example, in the class of 
fishes, of " monstrosity through ditplMement of parts," and ap- 
parently also, — in at least two genera, though the evidence on 
this head be not yet quite complete, — of " monstrosity through 
defect of parts." In all the ganoids of the period, with (so fer 
as we can determine the point) only two exceptions, the sca- 
pular bases of the fere limbs are brought forward from their 
typical place opposite the base of the cervical vertebne, and 
stuck on to the occipital plate. There occurs, in consequence, 
in one great order of the ichthyic class, such a departure from 
the symmetrical type as would take place in a monster example 
of the human fWily in whom the neck had been annihilated, 
and the arms stuck on to the back of the head. And in the 
genera C'occoiteui and Pterichthyi we find the first example of 
degradation through defect. In the Pteriehthyt the hinder 
limbs seem wanting ; and in the Coceotteui we find no trace of 
the fore limbs. The one resembles a monster of the human 
family bom without hands ; the other, a monster bom without 
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>nd centuries pass, and long unreckoned periods 
se ; and then, after the tennination of the Pal^e- 
we see that change taking place in the form of 
tail, to which I have abeady referred (and to 
; rder at least once more), as singularly illustra- 
Dgress of degradation. Yet other ages and cen- 
way, during which the reptile class attains to its 
pment, in point of size, organization, and num- 
n, after the times of the Cretaceous deposits have 
i yet another remarkable monstrosity of displace- 
eed among all the fishes of one very numerous 
long no inconsiderable proportion of the fishes of 
the newly-introduced ctenoids (^AeantkopUrygii), 
'amilies of the cycloids which Cuvier erected into 
ilaeopterj/gii gab-brackiati, the hinder limbs are 
ard, and stuck on to the base of the previously 
e limbs. All the four limbs, by a strange mon~ 
[placement, are crowded into the place of the ex- 
xk. And such, at the present day, is the preva- 
ong fishes. Monstrosity through defect is also 
ease ; so that the snake-like apoda, or feet-want- 
s order, some of whose genera are 
1 eels and the congers, of only the 
; while in others, as in the genera Muriena and 
both hinder and fore limbs are wanting. In the 
s, as lishes now exist, we find many more evi- 
! monstrosity which results liom both the mis- 
d defect of parts, than in the other three classes 
ata united ; and knowing their geological histoiy 
at of any of the others, we know, in consequence, 
istrosities did not appear early, but late, and that 
>f the race, as a whole, though it still retains not 
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a few of the higher forms, has been a progress, not of derelop- 
ment from the low to the high, but of degradati<Hi from the 
high to the low. 

The reader maj mark for himself, in the flomider, plaice, or 
turbot, — fishes of a lamilj of which there appears no trace in 
the earlier periods, — an extreme example of the degradation 
of distortion superadded to that of displacement. At a £rst 
fiance the limb» seem to exhibit merely the amount of natural 
misarrangement and misorder common to the AearUhopterygii 
and Suh-hraehiati ; — the bases of the pectorals are stuck on 
to the head, and the base of the ventrals attached to that of 
the pectorals. From the circumstance, however, that the crea- 
ture is twisted half round and laid on its aide, we find that at 
least one of the pairs of double fins, — the pectorals, — perform 
the part of single fins, — one projecting firom the animal's su- 
perior, the other from its inferior side, in the way the anal and 
dorsal fins project from the upper and under sur&cea of other 
fishes ; while its real dorsal and anal fins, both developed very 
largely, and — in order to preserve its balance — in about an 
equal degree, and wonderfully correspondent in form, perform, 
from their lateral position, the functions of double fins. In- 
deed, at a first glance they seem the analogues of the hugely- 
developed pectorals of a very different family of flat fishes, — 
the Rays. It would appear as if single and double fins, by 
some suoh mutual agreement as that which, according to the 
old ballad, took place between the chnil of Auchtermuchty 
and his wife, had agreed to exchange callings, and perform 
each the work of the other. The tail, too, possesses, in con- 
sequence of the twist, not the vertical position of other fish- 
tails, but is spread out horizontally, like the tails of the ceta- 
cea. It is, however, in the head of the Sounder and its coge- 
nera that we find the more extraordinary distortions exempli- 
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fled. In order to accommodate it to the geaeral twist, which 
rendered lateral what in other fishes is doiBal and abdominal, 
and doisal and abdominal what in other fishes is lateral, one- 
half its features had to be twisted to the one side, and the 
other h^f to the other. The face and cranium have under- 
gone such a change as that which the human &ce and ccaninm 
would imdei^, were the eyes to be drawn towards the left 
ear, and the mouth towards the right. The skull, in conse- 
quence, exhibits, in its fixed bones, a strange Cyclopean cha- 
racter, unique funong the families of creation : it has its one 
well-marked eye-orbit opening, lilce that of Polyphemus, di- 
rect in the middle of the fore part of its head ; while the 
other, external to the cranium altogether, we find placed 
among the free bones, directly over the maiillariea. And the 
wry moutli, — twisted in the opposite direction, as if to Iceep 
Up such a balance of deformity as that which the breast-hump 
of a hunchback forms to the hump behind, — is in keeping 
with the squint eyes. The jaws are strangely asymmetrical. 
In symmetrical fishes the two bones that compose the anterior 
half of the lower jaw are as perfectly correspondent in form 
and size as- the left hand or left foot is correspondent, in the 
human subject, to the right hand or right foot; but not such 
their character in the flounder. The one is a broad, short, 
nearly straight bone ; the other is longer, narrower, and bent 
like a bow ; and while the one contains only from four to six 
teeth, the other contains from thirty to thirty-five. Scarcely 
in the entire ichtbyic kingdom are there any two jaws that less 
resemble one another than the two halves of the jaw of the 
flounder, turbot, or plaice. The intermaxillaiy bones are 
equally ill matched : the one is fully twice the size of the 
other, and contains about thrice as many teeth. That bilateral 
symmetry of the skeleton which is so invariable a characteris- 
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tic of the Tert«brat8, that ordinary obserrere, who have eyes 
for only the rare and the uncommon, fail to rematk it, but 
which a Newton could regard as so woaderftil, and bo thorough- 
ly in harmony with the nnifonnity of the planetary system, 
has Bcoice any place in the asymmetrical head of tbe flounder. 
There exists in some of oui north-country fishing vill^;es an 
ancient apologue, which, though not remarkable lor point or 
meaning, at least serves to show that this peculiar example of 
distortion the rude fishermen of a former age were obserrant 
enough to detect. Once on a time the fishes met, it is said, to 
elect a king ; and their choice fell on the herring. " The her- 
ring king !" contemptuously exclaimed the flounder, a fish of 
consummate vanity, and greatly piqued on this occasion that 
its own presumed claims should have been overlooked ; " where, 
then, am I V And stroightnay, in ptiniahment of its conceit 
and rebellion, " its eyes turned to the back of its head." Here 
is there a stoiy palpably founded on the degradation of mis- 
placement and distortion, which originated ages ere the na- 
turalist had recognised either the term or the principle. 

It would be an easy matter hi an ingenious theorist, not 
much disposed to distinguish between the minor and the mas- 
ter laws of organized being, to get up quite as unexceptionable 
a theory of degradation as of development. The one-eyed, 
one-legged Chelsea pensioner, who had a child, nnbom at the 
time, laid to his charge, agreed to recognise his relationship to 
the little creature, if, on its coming into the world, it was 
found to have a green patch over its eye, and a wooden leg. 
And in order to construct a hypothesis of progressive d^rada- 
tion, tbe theorist has but to take for granted the transmission to 
other generations of defects and compensatory redundancies at 
once as extreme and accidental as the loss of eyes or limbs, 
and tbe acquisition of timber legs or green patches. The 
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sufJce, for ioBtaoce, he might regard as a saurian, that, having 
accidentally lost its timbs, had exerted itself to such account 
throughout a series of g^ierations, in making up for their ab- 
sence, as to (^in out for itself bj dint of ^mthing and 'wrig- 
gling, rather more than a hundred additional Tertebrra, and to 
alter, for purposes of greater flexibility, the structure of all the 
rest. And as fishes, when nearly stunned by a blow, swim for 
a few seconds on their side, be might regard the floundera as a 
race of half-stunned fishes, previously degraded by the misplace- 
ment of their limbs, that, instead of recoTering themselves £rom 
the blow given to some remote parent of the family, had ex- 
pended all their energies in twisting their mouths round to 
what chanced to be the under side on which they were laid, 
and their eyes to what chanced to be the upper, and that made 
their pectorals serre for anal and dorsal fins, and their anal 
and dorsal fins serve for pectorals. But while we must recog- 
nise in nature certain laws of disturbance, if I may so speak, 
through which, within certain limits, traits which are the re- 
sult of habit or circumstance in the parents are communicated 
to their oflspring, we would eir as egregiously, did we take 
only these into account, without noting that infinitely stronger 
antagonist law of reproduction and restoration which, by ever 
gravitating towards the original type, preserves the integrity 
of races, as the astronomer would, who, in constructing his 
orrery, recognised only that law of propulsion through which 
the planets speed through the heavens, without taking into ac- 
count that antagonist law of gravitation which, by maintain- 
ing them in their orbits, ensures the regularity of their move- 
ments. The law of restoration would recover and right the 
stunned fish laid on its side ; the law of reproduction would 
give limbs to the oflspring of the mutilated saurian. We have 
evidence, in the extremeness of the degradation in these cases, 
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that it caimot be a degradatioii heieditarilj derived from acci- 
dent. Nature is, we find, active, not in perpetuating the acci- 
dental wooden 1^ and green patches of aacestora in their de- 
scendants, but in restoring to the offipring the true limbs and 
eyes which the parents have lost It is, however, not with a 
theory of hereditary degradation, hut a hypothesis of gradual 
development, that I have at present to deal ; and what I have 
to establish as proper to the present st^e of my aignment is, 
that this principle of degradation really exists, and that the 
history of its progress in creation bears directly against the as- 
sumption that the eailier vertebrata were of a lower type than 
the vertebrata of the same ichthyic class which exist now.* 

The progress of the ichthyic tail, as recorded in geolt^c 
history, corresponds with that of the ichthyic limbs. And as in 
the existing state of things we find fishes that nearly represent, 
in this respect, all the great geologic periods, — I say nearly, 
aot.fttUy, for I am acquainted with no fish adequately repre- 



■ It will Burce be Drg«d agaiast the degradation theor;, that tbou 
raceg wbich, tried by the test* of defect or misplacement of parts, «e 
deem degraded, are not less fitted for carrying an vhat in Iheir onn little 
spheres U tbe proper busiaesa of life, tbsD tlie non-degraded orders and 
familieB. Tbe objection is, batrexer, a passible one, and one which a 
single remark may serie to obfiate. It U eert^nly true that the degraded 
families ore tboronghlj fitted tor the performance of all tile work given 
them to do. They greati; increase when placed in faTonrable cirCam- 
Btances, and, whan Tlgoroua and thriring, enjoy existence. But then the 
same may be said of all animals, nitboat reference to their place in the 
scale: tbe mollnsc Is as thoronghly adapted to Its clrcnmstanres, and as 
fitted to aeoompllsh the end proper to Its being, as tbe mammiferoaa 
qnsdrnped, and the mammlferons quadruped as man himself; but the 
fact of perfect adaptation in no degree iuTalldates the other not less cer- 
tain fact of difference of rank, nor prores that tbe mollusc is eqnal to 
the qnadtnped, or the quadruped to man. And, of course, the remark 
sqnally bears on the redaeed as on the uiubvoMd, — an lowness af place 
when a result of degradation in races pertaining to a higher dlxlslan of 
animals, as on lowneas of plkce vheu a result of the hnmble standing of 
the diTision to -which the races belong. 



D,g,i,7?<iT,Google 



OF DEGRADATION. 173 

Hntative of the period of the Old Bed Sandstone, — it may be 
well to cast a glance over the eonlemporaiy series, as illustra- 
tive of the coti»ecutive one. In those placoids of the shark 
iamiljT that to a large brain unite homological symmetrf of 
orgimization, and represent the fishes of the firat period, we 
find, as I hare already shown, that the Tertebrte gradually di- 
miniah ia the caudal division of the column, until they termi- 
nate in. a point, — a circumstance in which they resemble not 
merely the be-t«led reptiles, but also all the higher mammi- 
ferouB quadrupeds, and even man himself. And it is this pe- 
culiarity, stamped upon the less destructible portions of the 
framework of the tail, — rertebrie and processes, — rather than 
the one-sided or heterocercal form of the surrounding fin, com- 
posed of but a mucoidal substance, that constitutes its grand 
characteristic ; seeing that in some placoid genera, such as 
Seffllium Stellare, the terminal portion of the fin is scarce lees 
laigely developed above than helow, and that in others, as in 
most of the Ray family, the under lobe of the fin is wholly 
wanting. In the sturgeon, — one of the few ganoids of the pre- 
sent time, — we become sensible of a peculiar modification in 
this heterocercal type of tail ; the lower lobe is, we find, com- 
posed, as in Spinax and Seyllium, of rays exclusively ; while 
through the centre of the upper lobe there runs an acutely 
angular patch of lozenge-shaped plates, like that which runs 
through the centre of the double fins of Dipterui and some of 
the Celacauths. But while in the sharks the gradually di- 
minishing vertebra stand out in bold relief and form the 
thickest portion of the tail, that which represents them in the 
sturgeon (the angular patch) is sUm and thin, — slimmer in 
the middle than even at the sides ; — in part a consequence, no 
douhf, of the want, in this fish, of soUd vertebne, but a conBe- 
quence also of the extreme attenuation of the nervous cord, in 
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its prolongation into the lobe of the fin. Further, the raye of 
the tail, — its peculiarlj ichthyic portion, which are purely 
mueoidal in Spinas, ScffUium, and Ceilraeion, — hare become 
osseous in the sturgeon. The _fith has »et and become fixed, 
as cement sets in a building, or colours are fixed bj a mordant. 
And it is worthy of special remark that, correspondent with 
the peculiarly tehthj/ie development of tail in this fish, we find 
the prevailing ichthyic displacement of the (ore limbs. Again, 
in the tail of Lepido»teu», another of the trae ganoids which 
still exists, the internal angle of the upper lobe wholly disap- 
pears, and with the internal angle the prolongation of the 
nerroua cord. Still, however, it is what the tail of the stur- 
geon would become were the angular patch to be obliterated, 
and rays sul^stituted instead, — it is a tail set on awry. And 
in this fish also we find the ichthyic displacement of fore limb. 
One step more, and we arrive at the homocercal or eqaal-Iobed 
twl, which seems to attain to its extreme type in those fishes 
in which, as in the perch and flounder, the last vertebral joint, 
either very little or very abruptly diminished in size, expands 
into broad processes, — without homologue in the higher ani- 
mals, — on which the caudal rays rest as their bases. And in 
by mnch the larger proportion of these fishes all the four limbs 
are slung round the neck ; — they at once exhibit the homocer- 
cal tail in its broadest type, and displacement of limb in its 
most extreme form. 

Now, in tracing the geologic history of the ichthyic tail, we 
find these several steps or gradations tsam the heterocercal to 
the homocercal, represented by periods and formations. The 
Silurian periods may be regarded as representative of that true 
heterocercal tail of the placoida, exemplified in Spinax (page 
154, fig. 54) and Cettradon (page 159, fig. 55). The whole 
caudal portion of this latter animal, commencing immediately 
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behind the ventrals, is, as becomes a true tail, slim, when com- 
pared with its trunlc ; the Tertebra are of very comtderable 
solidity; the rays mucoidal; and where the spinal column 
runs into the terminal fin, it takes soch an upward turn as 
that which the horse-jockey imparts, by the process of nickitiff, 
to the tails of the hunter and the race-horse. And with the 
heterocercal tail, so true in its homologies to the tails of the 
higher vertebrata, we find associated, as has been shown, the 
true homological position of the fore limbs. With the com- 
mencement of the Old Bed Sandstone the gasoidal taU first 
presents itself; and we become sensible of a change in the 
structure of the attached fin, similar to that exemplified in the 
caudal rays of the atuigeon. As shown by the irregularly- 
angular patch of scales which in all the true Celacanths, and 
almost all the Dipterians,* runs through the upper lobe of the 
fin, and terminates in a point (see fig. 56), it must have pos- 

Fig. 56. 



sessed the gradually-diminishing vertebre, or a diminishing 
spinal cord, their analc^e ; but the rays, fairly set, as their 
state of keeping in the rocks certify, exist as narrow oblong 

II the pl&coid 
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plates of Bolid bone ; and their aaterior edges are atrengthened 
' by a liue of oBseous defences, tliat pass irom scales into rays. 
And in harmonious accompaniment with this fairly tUveotj/pe4 
edition of the ichthyio tail, we find, in the fishes in which it 
^tpears, the first instance of displacement of limb, — the bases 
of the pectorals being removed from their original position, and 
stuck on to the nape of the neck. It may be remarked in 
passing, that in the tails of two ganoidal genera of this period, 
— the Coeeoitetu and Ptenehthyt, — the analogies traceable lie 
rather in the direction of the tails of the Bays than in those of 
the Sharks ; and that one of these, the Coccotteut, seems, as 
has been already intimated, to have had no pectorals, while it 
is somewhat doubtfid whether in the Pteriehtkyt the pectoris 
were not attached to the shoulder, instead of the head. In 
the Carboniferous and Permian systems there occur, especially 
among the numerous species of the genus Pakeonitctit, tails of 
the type eiemplified by the internal angle of the tail of the 
sturgeon : the lozenge-shaped scales run in acutely angular 
patches through their upper lobes ; but such is their extreme 
flatness, as shown by the disposition of the enamelled cover- 
ing, that it appears exceedingly doubtful whether any verte- 
bral column ran beneath ; — ihey seem but to have covered 
gready diminished prolongations of the spinal cord. In the 
base of the Secondary division, — another long stage towards 
the existing state of things, — we find, with the homocercal 
tail, which now appears for the first time, numerous tails like 
that of the Lepidottem (fig. 57), of an intermediate type; — 
they are rather tails set on awry than truly heterocercal. The 
diminished cord has disappeared from among the fin rays. 
In tbe numerous Lepidoid genus, and the genera Semionotu» 
and T^ragonfd«p{», — all ganoidal fishes of the Secondary pe- 
nod, — this intermediate style is very marked ; while in their 
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contemporaries of the genera Urwutf Microdon, and Pyotwdui, 
we find the earliest examples of true homoceical tails. And 
in the ctenoids and cycloids of the Chalk the homocercal tail 
receives its fullest development. It finds bases for its rays 
in broad non-homolc^cal processes, that spread out behind 
abruptly-terminating vertebrs (fig. 5D), in the same period in 

Fig. 58. 




which, by a strange process of d^radation, the four ichthyic 
limbs are first gathered into a cluster, and hung about the 



* [d the following diagTAm & ftiiv aimple Unea serre to exhibit the pro- 
greiis of dagrmdation. Fig. a rapresentg the synraietrical pUcoidB of the 
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I atn aware, that by Bome very diatinguialied comparatiTe 
anatomists, among the rest Professor Owen, the attachment, 
so common among fishes, of the scapular aich and the fore 
limbs to the occipital bone, is legaided, not as a displace- 
ment, but as a normal and primary condition of the parts. 
Recognising in the scapular bones the ri&f of the occipital een- 
trum, the anatomists of this school of course consider them, 
when found articulated to the occiput, as in their proper and 
original place, and as in a state of natural dislocation when re- 
moTed, as in all the reptiles, birds, and mammals, farther 
down. We find Professor Oken borrowing support to his hy- 
pothesis from this view. The Umba, he tells us, are simply 
ribs, that in the course of ages have been set free, and have 



SUnrian period, amsisliDg of bead, neck, bod;, tail, fore limbs.aad binder 
limbB; fig. t> represents tbosa beterac«n!al gSDoide of tbe Old Red Sand- 
stone, Coal Measures, and Penniaii System, in irbicb the neck is extin- 
gutsbed, and tbe fore limbs stuck on to (he occiput ; fig. e, those homo- 
cereal ganoids of the Trias Li&s, Oolite, and Wealden, whose tsjls spread 
ont into broad terminal processes, wltboat bomologue in the higher ani- 
mals ; fig. d, tbose aoanthopterjgii of the Chalk that, in addition to the 
non-bomological processes, haie both fore limbs and hinder limbs stack 
round the head ; uhlle fig. e represents the asymmetrical platessa of the 
same period, with one of its eyes in the middle of its head, and the other 
thrnst out to the side- 



Fig, sa. 
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become by development what they now are. And it is un- 
questionably a curious and interesting tact, tbat there are cer- 
tain animals, such as the crocodile, in which every centrum of 
the vertebral column, and of every vertdra of the head, has 
its ribs or rib~lilce appendages, with the exceptioa of the oc- 
cipital centrum. And it is another equally curious fact, that 
there is another certain class of animals, such as the osseous 
hom-coveied fishes, with the Sturionidte, Salamandroidei, and 
at least one genus among the placoids (the Chimteroidei), in 
which this occipital centrum hears as its ribt the scapular 
boaes, with their appendages the fore limbs. It is the cen~ 
trum without riht that >s selected in these animnla as the cen- 
trum to which the scapular riht should be attached. Be it re- 
membered, however, that while it is uoquestionably the part 
of the comparative anatomist to determine the relations and 
homoli^es of those parts of which all animals are composed, 
and to interpret the significancy in the scale of being of the 
vMious modes and forms in which they exist, it is as unques- 
tionably the part of the geologist to declare their history, and 
the order of their succession in lime. The questions which 
&11 to be determined by the geologist and anatomist are en- 
tirely different. It is the function of the anatcanist to decide 
regarding the high and the low, the typical and the aberrant ; 
and so, beginning at what is lowest or highest in the scale, or 
least or most symmetrical in type, he passes through the in- 
termediate forms to the opposite extreme : and such is the 
order natural and proper to his science. It is the vocation of 
the geolt^ist, on the other hand, to decide regarding the early 
and the late. It is with tttM, not with rank, that be has to 
deal. Nor is it in the least surprising that he should seem at 
issue with the comparative anatomist, when, in classifying his 
groupes of organized being according to the periods of their ap- 
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This &ct of degradation, strangely indicated in geologic his- 
tory, widi refearence to all the greater divisiona of the animal 
kingdom, has often appeared to me a 8ur|>a8dngly wonderful 



which regards the cranium u composed of Tcrtebng ; and I mm oonie- 
qnsDtlT In some degree ctlled upon to point out the motlTea which hsTe 
induced me to reject It." 

"M. Okea," he oontlaues, "was the flnt to usign thii gignificUion 
to the boaei of the oraninm. The new doctrine he eipoanded wu re- 
eeived in Oerman; with great enthaaiaim b; the Bcbool of the philoso- 
phers of nature. The author eoncelred the ocanlain to consist of three 
[fonr] lerHbrn, and the basal oedpltal, the sphenoid, and the ethmoid, 
were regarded u the central parts of these cranial rertebre. On these 
alleged bodies of Tertebrn, the arohes euTeloping the central parts of the 
nerrouB system were raised, while on the opposite side were attached the 
Interior pieces, which went to form the regetatlTe arch destined (o em- 
brace the Intestinal oanal and the large Tessels. It would be too tedlons 
to enumerate in this place the changes which each author lotroduosd, in 
order to niodif; this matter so as to make it salt his own Tlews. Some 
went the length of affirming that the Tertebrss of the head were as com- 
plete as those at the trunk ; and, b; means of larious diBmBmbermentB, 
separations, and comblnaUanB, all the forms of the cranium were refer- 
red to the Tertebrn, by admitting that the number of pieces was inra- 
riablf fixed In erery head, and that all the Tertebrata, whatever might be 
their organlsaUon in other respects, had in their beads the same aumber 
of points of DBsificatJon. At a later period, what was erroneous In this 
manner of regarding the subject was del«cted ; but the idea of the Terte- 
bral compositJon of the head was still retained. It was admitted as a 
general law, that the cranium was composed of three primitiTe Tertebrss, 
as the embryo is of three blastodermic leaflets; but that these lertebriE, 
like the leaflets, eiisted only ideally, and that their presence, although 
easily demonstj-ated in certain eases, could only be slightly traced, and 
with the greatest difficulty, in other Instances. The noUon tbas laid 
down of the Tirtnal existence of cranial rertebra did not encounter lery 
great opposition ; It could not be denied that there was a certain general 
resemblance between the OBSeoas case of the br^n and the raehidiau canali 
tiie oetdpital, in particular, had all the cbaracteristie features of a verte- 
bra. But wheuerer an attempt was made to push the analogy further, 
and to determine rlgoronely the anterior Tertebra of the ccaDinm, the 
obsener found himself arrested by Insnrmoantable obstacles, and he was 
obliged always to rerert to the virtual existence. 

" In order to explain my idea clearly, let me have reeonrse to an ex- 
ample. It Is certain that organised bodies are sometimes endowed with 
llrtual qnaliti^s, which, at a certain period of the being's lire, elude di»- 
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one. We can see but imperfectly, in tiiose tmli^ depths to 
which all such subjects neceSBarilf belong ; and jet at times 
enough doea appear to show us what a very superficial thing 



section, anil iJI onr mesDi of inTratigstlan. It Ib thm thtt, at the mo- 
ment of tbelr orl^D, tbe sg|t> of all animals haie sacb a r«ssublanM lo 
each other, that It would be Impossible to distinguish, even by tha aid of 
the most powerful microBcope, tbe ovarisl egg' of a crair-fish, for eiample, 
ftvm that of true fish. And yet who would deny that beings iu''eTery 
respect different from each other exist in these pggs ? It is precisely b^ 
canse the difference manifests itself at a later period. In proportion as 
the embryo develops Itself, that we are anthoriied to conclude that, eien 
from the earliest period, the eggs were different,— that each had lirtual 
qnaliUes proper to itself, althoagh tbey conld not be discovered by onr 
senses. If. on the contrary, any one sboold find two eggs perfectly alike, 
and sboald obserre two beings perfectly identical Issna from them, he 
would greatly err if he ascribed to these eggs different yirtnal qnalities. 
It Is therefore necessary, in order to be in a rjindition to suppose that 
Ttrtnal properties peculiar te It are concealed In an animal, that thete 
properties sboald manifest themselves once, In some phase or other of its 
deielopment. Now, applying this prindple to the theory of cranial >er< 
tebres, we shonid say, that If these vertebrm virtually exist la the adnit, 
they most needs show themselves in reality, at a certain period of de- 
velopment. If, on the contrary, they are found neither in tbe embryo nor 
the adult. I am of oplniott that we are entitled likewise to dispute their 
virtual existence. 

" Hero, however, an objection may be made to me, drawn from the phj- 
siologloal valne of the vertehree, the function of which, as is well known, 
is, on the one hand, to furnlBh a solid support to the mascular contrac- 
tjons which determine the movements of the trunk, and, on the other, 
to protect the centres of the nervous system, by forming a more or less 
solid case completely around them. The bodies of the vertebrce are 
particularly destined to the first of these efflees ; the neurapophyses to 
the second. What can be more natnral than to admit, from the consider- 
ation of this, that in the head, the bodies of the vertebrn diminish In 
proportion as the moving function becomes lost, while the neurapophyses 
are considerably developed for protecting tbe brain, the volume of which 
is very considerable, when compared with that of the spinal marrow! 
Have we not an example of this fact in the vertebrte of the tail, where 
the neurapophyses become completely obliterated, and a simple cylindri- 
cal body alone remains ? Now, may it not be the case, tbat In the head, 
the bodies of the vertebra have disappeared ; and that, in consequence, 
there is a prolongation of the cord only as far as the moving faactions of 
tbe vertebra extend ! There Is some truth in this a^ament, and it would 
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isfidelity may be. The general advance in creation has been 
incalculably great. The lower divisions of the vertebrata pie- 
ceded the higher ; — the fiih preceded the reptile, the reptile 
preceded the bird, the bird preceded the memmiferous quad- 
ruped, and the mammiferous quadruped preceded matL And 
yet, is there one of tbeae great divi»ona in Trhicii, in at least 
some prominent feature, the present, through this mysterioua 
element of degradation, is not inferior to the past ? There was 
a time in which the ichthyic form constituted the highest ex- 
ample of life ; but the seas during that period did not swarm 
with fish of the degraded type. There was, in like manner, 
.a time when all the canuTora and all the herbivorous quadru- 
peds were represented by reptiles ; but there ore no such mu- 
nificent reptiles on the earth now as reigned over it then. 
There was an after time, wbea birds seem to have been the 
sole representatives of the warm-blooded animals ; but we find, 
from the prints of their feet left in sandstone, that the tallest 
men might have 

" Walked nnder their huge legB, and peeped abont." 

Further, there was an age when the quadrupedal mammals 
were the magnates of creation ; but it was an age in which the 



be diffleolt to refute it a priori. But it loses all its force the moment 
that we enter upon a detailed examination of the bones of the bead. Thus, 
what weald we call, acoordiog t« this h;pathesis, the prinoipal sphenoid, 
the great wings of the spbeaoid, and the ethmoid, which form the floor of 
the cerebral cavlt; ? It may 1>e sud the; are apaph;Bes. Bat the apo- 
physes protect the nervous centres onlj on the side and above. It may 
be B^d that Ihey are the bodies of the Terlebrte. But they are formed 
without the concurrence of the dorsal cord ; thej cannot, therefore, be 
the Iwdies of the lertebrEs. It mast therefore be allowed, that these 
Iwdies at least do not enter Into the Tertebrsl type ; that tbey are In some 
measure peculiar. And if this be the case with them, why may not the 
other protocliie plates be equally independent of the xertebral type ; the 
more so, because the relatioas of the frontals and pariMals vary so much, 
that it would be almost Impossible to asogn to them a oonstaat placet" 
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sagacionB elephant, now extmct, save in the comparadTelf 
small Asiatic and Afiican circles, and restricted to two spe- 
cies, was the inhabitaut of every countzy of the Old World, 
from ita sonthem extremity to the frozen shores of the north- 
ern ocean ; and when vast herds of a closely alUed and eqoally 
colossal genus occupied its place in the New. And now, in 
the times of the high-placed human dynasty, — of those for- 
mally delegated monaichs of creation, whose nature it is to 
look behind them upon the past, and before them, with mingled 
fear and hope, upon the future, — do we not as certainly see 
the elements of a state of eTcr-sinldng degradation, which is 
to exist for erer, as of a state of ever- increasing perfecdbiUty, 
to which there is to be no end ! Nay, of a higher race, of 
which we know but little, this much we at least know, that 
they long nnce separated into two great classes, — that of the 
*' elect angels," and of " angeb that kept not their first estate.*^ 
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THE SILDKIAN HOLLDSCS. 



EVIDENCE OF THE SILURIAN MOLLUSCS.— 
OF THE FOSSIL FLORA. 



ANCIENT TREE. 



Anm diTeUing at flucli length on the earlio- fishes, it may 
seen wsrce necessary to adTert to their lower contemporariea 
the mollosca, — that great diTision of the animal kingdom 
which CuTier places second in the descending order, la his 
auxrey of the entire series, and fiist among the inrertebrates ; 
and which Obm regards as the dirision out of which the im- 
mediately preceding class of the TOrtebral animals hare been 
developed. *' The fish " he says, " is to be viewed as a mussel, 
firom between whose shells a monstrous abdomen has grown 
out." There is, however, a peculiarity in the molluacan group 
of the Silurian system, to which I must be permitted briefly to 
refer, as, to employ the figure of Sterne, it presents " two 
handled of an essentially different kind, and as in all such two- 
handled cases, the mere special pleader is sure to avail himself 
of onlj the handle which best suits his purpose for the time. 

Cuvier's first and highest class of the mollusca is formed of 
what are termed the Cephalopods, — a class of creatures pos- 
sessed of great fireedom of motion : they can walk, swim, and 
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seize their pre^ ; they have what even the lowest fishes, sacli 
as the lancelet, want, — a brain enclosed iu a cartilaginous 
cavity in &e head, and perfectly formed organs of ng^t ; they 
possess, too, what is found in no other niollasc,^-organs of 
hearing ; and in. sagacity and activity they prove more than 
matches fbi the smaller fishes, many of which they overmaster 
and devour. With this highest class there contrasts an ex- 
ceedingly low molluscous class at the bottom of the scale, or, 
at leasts at what is now the bottom of the scale ; for they con- 
stitute Cuvier's Jifth class ; while his titeth and last, the Cir- 
rhopodes, has been since withdrawn from the molluscs alto- 
gether, and placed in a diSerent division of the animal king- 
dom. And this low class, the Brachipods, are creatures that, 
living in bivalve shells, unfrimished with spring hinges to 
throw them open, and always &st anchored to the same spot, 
can but thrust forth, through the intnstilial chinks of their 
prison-houses, spiral arms, covered with cilia, and winnow the 
water for a living. Now, it so happens that the moUnscan 
group of the Silurian system is composed chiefly of these two 
extreme classes. It contains some of the other forme ; but 
they are few in number, and give no character to the rocks in 
which they occur. There was nothii^ by which I was mwe 
impressed, in a visit to a Silurian region, than that in its an- 
inent grave-yards, as hi those of the present day, though in a 
different sense, the high and the low should so invariably meet 
t<^thcr. It is, however, not impossible that, in even the pre- 
smt state of things, a similar union of the extreme forms of the 
marine moUusca may be taking place in deep-sea deposits. 
Most of the intermediate forms provided with shells capable of 
preservation, such as the shelled Gasteropoda and the Con- 
chifers, are either httoral, or restricted to comparatively small 
depths ; whereas the Brachipoda are deep-sea shells ; and the 
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Cephalopoda may be found voyaging (ar from land, in tie 
upper afrata of the sea abore them. Eren in the seas that 
BUiTound our own iilaad, the Btachipodous molloBcs — tere- 
biatula and crania — hare heeu found, ever since deep-sea 
dredging became common, to be not rery rare sheUs ; and in 
the Mediterranean, where they are less rare stiU, fleets of Ar- 
gonauts^ the reinre«entatiTeB of a highly organized fomily of the 
Cephalopoda, to which it is now beliered the Bellerophon of 
the Polieozoic rocks belonged, may be seen skimming along 
the surfoce, with sail and oar, high over the profound depths in 
which they He. And, of course, when death comes, that comes 
to high and low, the remains of both Argonauts and Brachi- 
pods must lie together at the bottom, in beds almost totally 
devoid of the intermediate forms. 

Now, the author of the " Vestiges," in maintaining his hy- 
pothesis, suspends it on the handle furnished him by the im- 
mense abundance of the Silurian Brachipods. The Silurian 
period, he says, exhibits " a scanty and moat defective develop- 
ment of life ; so much so, that Mr Lyell calls it, par exeellenee, 
the age of Brachipods, with reforence to the by no means ex- 
isted bivalve shell'foih which fomu its predominant class. 
Such being the actual state of the case, I must persist in de- 
scribing even the fiuma of this age, which we now know was 
not the first, as, generally speaking, such a humble exhibition 
of the animal kingdom as we m^ht expect, upon the develop- 
ment theoiy, to find at an early stage of the history of oigoni- 
eatitm." The reader will at once discern the follacy here. 
The Silurian period was peculiarly an age of Brachipods, for 
in no other period were Brachipods so numerous, specifically 
or individually, or of such size or importance ; whereas it was 
not to peculiarly an age of Cephalopods, for these we find in- 
troduced in still greater numbers during the Liasic and Oolitic 
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periods. In 1848, when Pralessor Edward Forbes edited the 
PalBontol<^cal Hap of Britain and Ireland, which forms one 
of tie very admirable series of " Johnstone's Physical Atlas," 
the Cephalopods of the Siltiriau rocks of England and Wales 
were estimated at forty-eight species, and the Brachipods at 
one hundred and fifty ; whereas at the same date there were 
two hundred and fire Cephalopods of the Oolitic formations 
enumerated, and but fifty-four Brachipods. It is the molluscs 
of the inferior, not those of the superior class, that constitute 
(with their contemporaries the Tiilobites) the characteristic 
fossils of the Silurian rocks ; and hence the pioprie^ of the 
distinctiTe name suggested by ^ Charles Lyell. But in the 
development question, what we have specially to consider is, 
not the nitmiert of the low, but the Handing of the high. A 
country may be distinctively a country of flocks and herds, or 
a country of the carnivorous mammalia, or, like New Soutli 
Wales or the Qalapagos, a country of marsupial animals or of 
reptiles. lis human inhabitants may be merely a few hunters 
or shepherds, too inconsiderable in numbeiB, and too much 
like their brethren elsewhere, to give it any peculiar standing 
as a home of men. Bui in estimating the highest point in 
the scale to which the animal kingdom has attained within its 
limits, it is of its few men, not of its many beasts, that we 
must take note. And the point to be specially decided re- 
garding the organisms of the Silurian system, in this question, 
is, not the proportion in number which the lower forms bore 
to the higher, but the exact raiik which the higher bore in the 
scale of existence. Did the system fomish but a single Cepha- 
lopod or a single fish, we would have as certainly to determine 
that the chain of being reached as high as the Cepbalopod or 
the fish, as if the remains of these creatures constituted its 
most abnndant fossils. The chain of animal life reached quite 
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ia high on the eTening of tlie sixtb day of creation, when the 
hmnan family was restricted to a single pair, as it does now, 
when OUT statists reckon up by millions the inhabitants of the 
greater capitals of the world ; and the special plefkder who, in 
asserting the contrary, would insist on determining the point, 
not by the rani of the men of £den, but by the number of 
minnows or sticklebacks that swarmed in its riTets, might be 
perhaps deemed ingenious in his expedients, but certainly not 
very judicious in the nse of them. It is worthy of remark, 
however, that the Braehipods of those Paleaozoic periods in 
which the group occupied such large space in creation, con- 
sisted of greatly larger and more important animals than any 
which it contains in the present day. It has yielded to what 
geological history shows to be the common fate, and sunk into 
a state of degradation and decline. 

The geological histoiy of the Tegetable, like that of the ani- 
mal kingdom, has been pressed into the serrice of the develop- 
ment hypothesis ; and certainly their respectire courses, both 
in actual arrangement and in their relation to human know- 
ledge, seem wonderfully alike. It is not much more than 
twenty years since it was held that no exogenous plant existed 
during the Carboniferous period. The frequent occurrence of 
Coniferte in the Secondary deposits had been coDclusiTcly de- 
termined from numerous specimens ; but, founding on what 
seemed a large amount of n^ative evidence, it was concluded 
that, previous to the Liasic age, nature had Ikiled to achieve a 
tree, and that the rich vegetation of the Coal Measures had 
been exclusively composed of magnificent immaturities of the 
vegetable kingdom, — of gigantic ferns and club-mosses, that 
attained to the size of forest-trees, and of thickets of the 
swamp-loving horsetail femily of plants, that well nigh rival- 
led in height those forests of masts which dwken the rivers of 
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OUT great oommercial cides. Such was the Tiew promulgated 
by U. Adolphe Brogniart ; and it may be well to remark tbat, 
■o fei as the eridence cm which it waa based was positiTe, the 
view was sound. It w a feet, that inferior orders of plants 
were developed in those ages in a style which in their present 
Btat« of degradation thej never exemplify: they took their 
place, not, as now, among the pigmies and abortioits of crea- 
tion, but among its tallest and goodliest productions. It is, 
however, not a feet that they were the highest vegetable forms 
of their time. True exogenous trees also existed in great num- 
bers and of vast size. In various locaUtiea in the coal fields 
of both England and Scotland, — such as Lennel Braes and 
Allan Bank in Berwickshire, High-HewtHth, Fellon, Gates- 
head, and Wideopen near Newcastle-upon-Tyne, and in quar- 
ries to the west of the city of Durham, — the most abundant 
fossils of the system are its true woods. In the quarry of 
Craigleith, near ESdinbnrgh, three huge trunks have been laid 
open during the last twenty years, within the space of about 
a hundred and fifty yards, and two equally massy trunks, 
within half that space, in the neighbounng quarry of Oran- 
ton, — all low in the Coal Measures. They Ue diagonally 
athwart the strata, — at sm angle of about thirty, — with the 
nether and weightier portion of their boles below, like snags 
in the Mississippi; and we infer, from their general direction, 
that the stream to which they reclined must have flowed from 
nearly noith-east to south-west. The cuirent was probably 
that of a noble river, which reflected on its broad bosom the 
shadow of many a stately tree. With the exception of one of 
the Granton specimens, which still ret^ns its strong-kneed 
roots, they are all mere portions of trees, rounded at bodi ends, 
as if by attrition or decay ; and yet one of these ptotions mea- 
sures about sis feet in diameter by six^-one feet in length ; 



D,g,i,7?<iT,Google 



.1 



THE FOSSIL FLORA. li'l 

aoother four feet in diameter by seventy feet in length ; and 
the others, of various thickness, bat all bulky enough to equal 
the masis of large vessels, ranged in length from thirty-six to 
forty-seren feet. It seems strange to one who derives his sup- 
ply of domestic fiiel from the Dalkeith and Falkirk coal-fields, 
that the Carboniferous flora could ever hare been described as 
devoid of trees. I can scarce take up a piece of coal from be- 
side my study fire without detecting in it fragments of car- 
bonized wood, which almost always exhibit tJie characteristic 
lon^tudinal fibres, and not unfrequently the medullary rays. 
Even the tiap-rocks of the disOict enclose, in some instances, 
their masses of lignite, which present in their transverse sec- 
tions, when cut by the lapidaiy, the net-like reticulations of 
the coniferffi. The fossil botanist who devoted himself chiefly 
to the study of microscopic structure would have to decide, 
from the facts of the case, not that trees were absent during 
the Carboniferous period, but that, in consequence of their 
having been present in amazing numbere, their remains had 
entered more palpably and extensively into the composition of 
coal than those of any other v^table.* 80 &r as is yet 

■ It Is stated b; Ur Witbam, that, " eirapt in s few lastauMB, be bad 
ineffectnallj triad, with the aid of tbe microBOipe, to obt&ln lome Inslgbt 
iDto the gtraoCara of eoal. Owing," lie adds, " to itB great apacitj, which 
JB probabi; dne Co mechanical presBure, the action of chemical affiait;, 
and the percolation of addaloae waters, all traces or organization appear 
to hare beon obliterated." I ha's beard the late Mr Banderaon, who pre- 
pared tor Ut Witbam meat of the speoimeas flgared in his well-known 
work OD tbe " liileraal Structure of FoB^I Vegetables," and from whom 
the materiati of bis statement on this polut seem to baxe tieen deriied, 
make a dmllar remark. It was rare, be said, to find a bit of coal that ei- 
hibit«d the orgwic structure. Tbe ease, baweier, is far oCherwiBe; and 
the iDgenions meohanic and bis employer were misled, simpl; b; the cir- 
cumstance, that It Is rare to find [deaes of coal wbleb exhibit tlie ligneonB 
fibre eiiBUug In a state of keeping solid enough to stand the grindiug of 
tbe lapidarr's wheel. The lignite uBaallj occurs in tltln lajers of a sub- 
Btanoe resembling soft durooal, at which, from tbe loose adhesion of tbe 



T,Google 



192 EVIDENCE OF 

knonti, tbej all belonged to the two great dinsions of the 
coniferous fomily, aiaucariauB and pines. The huge trees of 
Oaigleith and Granton were of the fonner tribe, and appioxi- 
mate more nearly to Altittffia excelta, the Norfolk-Island pine. 
Fig. 60. 



From a y&imff tpfcimfit in tAt Botanie Garden, Edinbvrgh. 

— a noble araucarian, that rears its proud head from a hun- 
dred and sixty to two hundred feet oyer the soil, and exhibits 
a green and luxuriant breadth of foliage rare among the Goni- 
ferffi, — than any other living tree. 

Beyond the Coal Measures terrestrial plants become ex- 
tremely rare. The fossil botanist, on taking leave of the lower 
Carboniferous beds, quits the land, and sets out to sea ; and it 



breE, the coal sptltn at a stroke; and as itcanaatbe prepared as a Crans- 
arencT, it is beet eumined b? a Staubope lens. It will be foDDd, tried 
1 this manner, that bo far is xegetablo fibre from being of rare occar- 
Bnce in coal,^ — our Scotch coal at least, — that almost eTerj cubic ineb 
OHtatng its hundreds, ua;, its thousands, of cells. 
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seems im no way surptising, that the specimens which he there 
adds to his herbanum should congiBt mainly of FttcacecB and 
Conferteos. The derelopment hypothesis can borron no sup- 
port from the simple feet, that while a high terrestrial Tegeta- 
tion grows upon dryland, only algte grow in the sea; and 
even did the Old Red Sandstone and Silurian systems famish, 
as their T^table organisms, fiiooids exclusively, the evidence 
would amount to no more than simply this, that the land of 
the Palteozoic periods produced plants of the land, and the 
sea of the Palteozoic perioils produced plants of the sea. 

In the Upper Old Red Sandstone, — the formation of the 
HoU^tjfehiui and the StoffonoUpU, — the only vegetable re- 
mains which I haye yet aeea are of a character so exceedingly 
obscure and donbtful, that all I could venture to premise re- 
garding them is, that they 9eem to be the fragments of sorely 
oomminuted fiicoids. In the formatioQ of the Middle Old 
R«d, — that of the Gephalaspis and the gigantic lobster of Gar- 
myiie, — the vegetable remains are at once more numerous and 
better defined. I have detected among the gray micaceous 
saudstJmes of Forfershire a ^coid furnished with a thick, 
squat stem, that branches into numerous divergent leaflets or 
fronds, of a slim parallelogrammicsl, grass-like form, and 
' which, as a whole, somewhat resembles the scoui^ of cords 
attached to a handle with which a boy whips his top. And 
Pio&ssor Fleming describes a still more remarkable vegetable 
organismofthesametbrmation, "which, occurring in the form 
of circular, flat patches, composed each of numerous smaller 
contiguous circular pieces, is alt^igether not unlike what might 
be expected to result from a compressed berry, such as the 
bramble or rasp." In the Lower Old Red, — the formation of 
the Coecotleut and C&eiracantkui, — the remains of fucoids are 
s still. There are gray slaty beds among the 



T,Google 



184 EVIDENCE OF 

rocks of Navity, that one theit fiasUe charact^ mainlj to their 
lajrera of cKrboiiized weed ; and " among the rocks of SanAy 
Bay, near Thuno," saya Mr Dick, " the dark impressionB of 
large fiicoids are eo numerous, that they lemmd one of the in- 
terlaced boughs and less bulky piue-trunks that lie deep in 
our mosses." A portion of a stem from the last locality, which 
I owe to Mr Dick, measures three inches in diameter; but 
the ill-compacted cellulai tissue of the algte is but iudifierently 
suited for preservation ; and so it exists as a mere coaly film, 
scarcely half a line in thickness. 

The most considerable collection of the Lower Old Red fu- 
coids which I have yet seen is that of the Rev. Charles Clous- 
ton of Sandwick, in Orkney, — a skilful cultivator of geological 
science, who has specially directed his palfeontologioal inquiries 
OS the vegetable remains of the flagstones of his district, as 
the department in which most remained to be done ; but 
his nomerons specimens only serve to show what a poverty- 
stricken flora that of the ocean of the Lower Old Red Sand- 
stone must have been. I could detect among them but two 
species of plants ; — the one an imperfectly preserved vegetable, 
more nearly resembling a club-moss than aught else wbicb I have 
seen, but which bore on its surface, instead of the well-mark- 
ed scales of the Zycopodiac&Et irregular rows of tubercles, that, 
when elongated in the profile, as sometimes happens, might 
be mistaken for minute, ill-defined leaves ; the otber, a smooth- 
stemmed fiicoid, existing on the stone in most cases as a mere 
film, in which, however, thickly-set longitudinal fibres are oc- 
casionally traceable, and which may be always distinguished 
from the other by its sharp-edged outline, and from the cir- 
cumstance that its stems continue to retain the same diameter 
for considerable distances, after throwing off at acute angles 
i branches nearly as bulky as themselves. In a 
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Thurso epecimeo, about two feet in length, which I owe to 
the kindness of Mr Dick, there are st«ais continuoas through- 
out, that, though they ramify in that space into from six to 
eight branches, are nearly as thick atop as at bottom. Thej 
are the remains, in all probability, of a long, flexible weed, 

Fig. 61. 
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that may have somewhat resembled those fucoids of the inter' 
tropical seas which, streaming slantwise in the tide, rise not 
onfrequently to the snr&oe in from fifteen to twenty &thomB 
water ; and as, notwithstanding their obscnrity, they are 
among the most perfect Bpecimens of their class yet found, 
and contrast with the stately araucarians of the Coal Measures, 
in a style which cannot lail to delight the heart of every as- 
sertor of the development hypothesis, I present them to the 
reader from Mr Dick's specimen, is a figure (fig. 61) which, 
however slight its interest, has at least the merit of being true. 
The stone exhibits specimens of the two species of Mr Clous- 
ton's collection, — the sharp -edged, finely-striated weed, a, and 
that roughened by tubercles, h ; which, besides the disdnctive 
character manifested on its surface, ditfers from the other in 
rapidly losing breadth vrith every branch which it throws off, 
and, in consequence, ninning soon t« a point. The follow- 
ing cut (fig. 62) presents not inadequately the cortical pecu- 

Fig. 62. 




liarities of the two species when best preserved. The sur- 
face of die tnbercled one may perhaps remind tfae Algologist 
of the knobbed surface of the thong or receptacle of Himan- 
thalia lorea, a recent fncoid, commou on the western coast of 
Scotland, but rare on the east. An Orkney specimen lately 
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sent me by Mr William Watt, from a quarry at Skaill, has 
much the appearattce of one of the emaller ferna, such as the 
mooi^worts, sea spleen-worta, or maidea-hairs. It exiats as 
an impression in diluted black, on a ground of dark gray, and 
has so little sharpness of outline, that, like minute figures in 
oil-paintmgs, it seems more distinct when viewed at arm's 
length than when microscopically examined ; but enough re- 
piaina to show that it must have been a terrestrial, not a 
marine plant. The accompanying print {fig. 63) may bo re- 
Fig. 63. 



garded as no uniaitfafu) representation of this unique fossil in 
its state of imperfect keeping. The vegetation of the Silurian 
system, from its upper beds down till where we reach the 
zero of life, is, like that of the Old Red Sandstone, almost ex- 
clusively fucoidal. In the older fossilifcrous deposits of the 
system in Sweden, Russia, the Lake Districts of England, Ca- 
nada, and the United States, fiicoids occur, to the exclusion, 
so &r as is yet known, of every other vegetable form ; and 
such is their abundance in some localities, that they render the 
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argillaceous rocks in which they lie difiiiged, capable of being 
fired as am alum slate, and exist in oHieTs as seams of a com- 
pact anthracite, occasioofdly used as tuel. Thej also occur in 
those districts of Wales in which the place and Bcquence of 
the various Silurian formations were first determined, though 
apparently in a state of keeping from which little can be pre- 
mised regardii^ their original forms. Sir Roderick Murchi- 
son sums up his notice of the T^;etable remains of the system 
in the province whence it deriveB its name, by stating, that he 
had submitted his specimens to " Mr Robert Brown and Dr 
GreviUe, and that neither of these eminent botanists were able 
to say much more regarding tliem than that they were tucoid- 
hke bodies," 

Such are the vegetable oi^anisms of the Old Red Sandstone 
and Rinnan systems : they are the remains of the ancient 
marine plants of ancient marine deposits, and, as such, lend 
quite as little support to the development hypothesis as the 
recent algte of our existing seas. The case, stated in its most 
&voQrabIe form, amounts simply to this, — that at certain early 
periods, — represented by the Upper and Lower Silurian and 
the Old Red deposits, — the seas produced sea-plants ; and 
that at a certain later period, — that of the Carboniferous sys- 
tem, — the land produced land-plants. But even this, did it 
stand alone, would be a Am favourable statement. 1 have on 
one occasion seen the fisherman faring up with his nets, f&r in 
the open sea, a wild rose-bush, that, though it still bore its 
characteristic thorns, was encrusted with serputa, and laden 
with pendulous lobularia. It had been swept Irom its original 
habitat by some river in flood, that had undermined and torn 
down the bank on which it grew ; and, after floating about, 
mayhap for months, had become so saturated with water, that 
it could float no longer. And in that single rose-bush, drag- 
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ged ny to ibe tight and air from its place among Sertularia, 
FlnBtra, 8erpu]a, and the deep-sea fiicoids, I had as certain an 
evidence of the existence of the dicotyledonous pluit, as if I 
had all the families of the Rosaces betbre me. Now, tc are 
famished by the more ancient formations with eyidence re- 
gardii^ the existence of a terrestrial vegetation, such as that 
vhich the rose-bush in this case supplied. We cannot ex- 
pect that the proofs should be numerous. In the chart of the 
Pacific attached to the better editions of " Cook's Voyages," 
there are sev^ra] notes along the track of the great navigator, 
that indicate where, in mid-ocean, trees of fragments of trees 
had been picked up. These entries, however, are but few, 
though they belong to all the three voyages together : if I re- 
member aright, there are only five entries in all, — two in the 
Northern and three in the Southern Pacific. The floating 
shrub or tree, at a great distance from land, is of rare occur- 
rence in even the present scene of things, thou^ the breadth 
of land be great, and trees numerous; and in the times of the 
Silurian and Old Red Sandstone systems, when the breadth 
of land was appaiently tu>t great, and trees and shrubs, in con- 
sequence, not numerous, it must have been of rarer occurrence 
still. We learn, however, from Sir Charles Lyell, that in the 
" Hamilton group of the United States, — a series of beds that 
corresponds in many of its ftissils with the Ludlow rocks of 
England, — plants allied to the Lqndodetidra of the Carboni- 
fetons type are abundant ; and that in the lower Devonian 
strata of New York the same plants occur associated with 
fetus." And I am able to demonstrate, from an interesting 
fossil at present before me, that there existed in the period of 
the Lower Old Red Sandstone, vegetable forms of a class 
greatly higher than either Lepidodendra at ferns. 

In my little work on the Old Red Sandstone, I have refer- 
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red to an appar«it lignite of the Lower Old Red of Cromarty, 
which presented, when viewed by the microscope, maiks of 
the intenuil fibre. The Bor&ce, when under the glass, re- 
sembled, I said, a bundle of horse-hairs lying stretched in pa- 
rallel lines ; and tn this specimen alone, it was added, had I 
found aught in the Lower Old Bed Sandstone approaching to 
proof of the existence of dry land. About four years ago I 
had this lignite put stringently to the question by Mr Sander- 
son ; and deeply interesting was the result. I must first men- 
tion, however, that there cannot rest the shadow of a doubt re- 
garding the place of the organism in the geolc^c scale. It is 
unequivocally a fossil of the Lower Old Ked Sandstone. I 
found it partially embedded, with many other nodules balf- 
disinterred by the sea, in an ichthyolitic deposit, a few hun- 
dred yards to the east of the town of Cromarty, which occurs 
more than four hundred feet over the Great Conglomerate base 
of the system. A nodule that lay immediately beside it con- 
tained a well-preserved specimen of the Coecotteut Decipieni ; 
and in the nodule in which the lignite iteelf is contained (fig. 
64) the practised eye may detect a scattered group of scales of 

Fig. 64. 



D,g,i,7?<iT,Goo(^le 



THE FOSSIL FLORA. 301 

DiplaoatUhut, a scaice less charactenBtic organism of the lower 
formation. And what, asks tlie reader, is the character of tliis 
ancient Tegetable, — the most ancient, by three whole forma- 
tions, that has presented its internal itructure to the micro- 
scope ? Is it as low in the scale of development as in the geo- 
l<^cal scale ? Does this venerable Adam of the £>rest ap- 
pear, like the Adam of the infidel, as a squalid, ill-formed 
savage, with a rugged shaggy nature, which it would require 
the suggestive neceseitieB of man; ages painfully to lick into 
civilization ? Or does it appear rather like the Adam of the 
poet and the theologian, independent, in its instantaneously- 
derived perfection, of all after development ? 

" Adun, tbe goDdliest man of men sinco born 
HI* sons." 

Is this tisstie vascular or cellular, or, like that of some of the 
cryptc^amia, intermediate ? Or what, in fine, is the nature 
and bearing of its mute hut emphatic testimony, on that doc- 
trine of prc^essive development of late so stnmgely resus- 
citated? 

In the fiist place, then, this ancient fosnl is a true wood, — 
a Dicotyledonous or Polycotyledonous Gymnotperm, diat, like 
the pines and larches of our existing forests, bore naked seeds, 
which, in their state of germination, developed either double 
lobes to shelter the embryo within, or shot out a fringe of ver- 
ticillate spikes, which performed the same protective fiinc- 
tiouB, and that, as it increased in bulk year after year, received 
its accessions of growth in outside layers. In the transverse 
section the cells bear the reticulated appearance which distin- 
guish the coniferffl (fig. 65, a) ; the lignite had been exposed in 
its bed to a conuderable degree of pressure ; and so the open- 
ings somewhat resemble the meshes of a net that has been 
drawn a little awry ; but no general obliteration of their ori- 
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Fig. 65. 



ginal character has taken place, save in minute patches, where 
they have been injured by compresiion or the bitnminiziDg 
process. All the tubea indicated by the openmgs are, as in 
recent coniferte, of nearly the same size ; and though, as in 
many of the more ancient lignites, there are no indications of 
annual rings, the direction of the medullary rays is distinctly 
traceable. The longitudinal sections are rather less distinct 
than the transverse one : in the section parallel to the radius 
of the stem or bole the circular disks of the coniiers were at 
first not at all detected ; and, as unce shown by a very fine 
microscope, they appear simply as double and triple lines of 
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undefined dots (£), that somewhat resemble the stippled mark- 
ings of the miniature painter ; nor are tlie openings of the me- 
dullary raj^ fi^nent in the tangeatal section (t. e. that paral- 
lel to the bark) (c) ; but nothing can be bett^ defined than 
the peculiar arrangement of the woody fibre, and the longi- 
tudinal form of the cells. Such is the character of this the 
moat ancient of lignites yet found that yields to the micro- 
scope the peculiarities of its original structure. We find in it 
an iiiifiiHen Adam, — not a half-deTeloped savage.* 

The olive leaf which the dove brought to Noah established 
ut least three important facts, and indicated a few more. It 
showed most conclusively that there was dry laud, that there 
were olive trees, and that the climate of the surrounding re- 



• On a point of such iraportanoo I find it neceasurj to Btrenglhon my 
lestimony bf auilliu-j eTidence. Tha followinf; is tba judgment, on tliii 
aocient petrifactioii, of Mr Nicol of Edinbnrgh,-— confessedly one of onr 
bigbeet liring antboritieB in tbat dirision of fossil botany wbicb takes 
oogDiiuice of the int«mal gtructore of llgoiteB, and deddeB, from their 
aaalomT, tbeir race aod family ; — 

"Edinburgh, 19lh Jnly 1846. 

" DSAS Sir, — I baTs eiaminod tbe etracture of tbe fossil wood irbieb 
yon fonnd Id Uw Old Red Sandsttine at Cromarty, and have no beaitatlon 
in stating, tbat the reticulated toiture of the transTsrfle sections, tbongb 
iomewhat compressed, clearly indicates a coniferous origin ; but as there 
is not tbe slightest trace of a disc to be seen In the longitudinal sections 
parallel to the medullary rays, it is imposeible to say whether It belongs 
to tbe Rue or Araucarlaa division. — I am, Ac. 

" William Niool." 

It will be seen that Mr Niool foiled to detect nhat I nair deem the 
diBCS of this conifer, — those stippled markings to which I have referred, 
and which the engraier has indicated in no exaggerated style, in one of 
the lon^tndinal sections (6) of the wood-out given above. Bnt oven were 
this portion of the evidence whoUj wanting, we would be loft in doubt, 
in consequence, not whether the Old Red lignite formed part of a true 
gyianoEpermous tree, but whether tbat tree is now represented by the 
pines of Earope and America, or by tbe arancarians of Chill and New 
Zealand. Were I to risk an opinion in a department not particularly mj 
proTineo, It would b« in tufota of an araucarian relationship. 
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gion, wliatever change it migbt hare undergone, was still f&- 
Tourable to tte deyelopment of vegetable life. And, ferther, 
it might be very safely infeired from it, that if olive trees had 
survived, other trees and plants must have survived also ; and 
that the dark muddy prominences round which the ebbing 
currents were faat sweeping to lower levels, would soon pre- 
sent, as in antediluvian times, their coverings of cheerful green. 
The oUve leaf spoke not of merely a partial, but of a general 
vegetatitHi. Now, the coniferous lignite of the Lower Old 
Red Sandstone we find charged, like the olive leaf, with a 
various and singularly interesting evidence. It ia something 
to know, that in the times of the Coeeoiteut and Atterol^ns 
there existed diy land, and that that land wore, as at after 
periods, its soft, gay mantle of green. It is something also to 
know, that the verdant tint was not owing to a profuse de- 
velopment of mere immaturities of the vegetable kingdom, — 
crisp, slow-growing lichens, or watery spore-propagated iiingi 
that shoot up to their full size in a night, — nor even to an 
abundance of the more highly organized fiunilies of die liver- 
worts and the mosses. These may have abounded then, as 
now ; though we have not a shadow of evidence that they 
did. But while we have no proof whatever of tietr existence, 
we have conclusive proof Uiat there esbted orders and fami- 
lies of a rank &r above them. On the dry land of the Lower 
Old Red Sandstone, on which, according to the theory of 
Adolphe Brogniart, nothing higher than a lichen or a moss 
could have been expected, the ship-carpenter might have hope- 
fiilly taken axe in hand, to explore the woods for some such 
stately pine as the one described by Milton, — 



Viewed simply in its picturesque aspect, this olive leaf of 
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the Old Red seems not at all deroid of poetry. We sail up- 
waids into the high geologic zones, passing from ancient to still 
more ancient scenes of being ; and, as we voyage along, find 
ever in the surrounding prospect, as in the existing scene from 
which we set out, a gracefiil intermixture of land and water 
continent, river, and sea. We fiist coast along the land of 
the Tertiaiy, inhabited by the strange quadrupeds of Cuvier 
and waving with the reeds and palms of the Paris Basin ; the 
land of the Wealden, with its gigantic iguanodon rustling amid 
its tree ferns and its cycadeee, comes next ; then comes the 
green land of the Oolite, with its little pouched, insectivorous 
quadruped, its flying reptiles, its vast jungles of the Brora 
equisetum, and its forests of the Helmsdale pme ; and then, 
dimly as through a haze, we mark, as we speed on, the thinly 
scattered islands of the New Red Sandstone, and pick up in 
our couise a large floating leaf, veined like that of a cabbage, 
which not a little puzzles the botanists of the expedition. And 
now we near the vast Carboniferous continent, and see along 
the undulating outUne, between ns and the sky, the strange 
ibrms of a vegetation, compared with which that of every pre- 
viously seen land seems stunted and poor. We speed day 
after day along endless forests, in which gigantic club-mosses 
wave in air a hundred feet over head, and skirt intemuuable 
marshes, in which thickets of reeds overtop the mast-head. 
And, where mighty rivers come rolling to the sea, we mark, 
through the long-retiring vistas which they open into the in- 
terior, the higher grounds of the country covered with conife- 
rous trees, and see doddered trunks of vast size, like those of 
Oranton and Craigleith, reclining under the banks in deep 
muddy reaches, with their decaying tops turned adown the 
current At length the tnrthermost promontoiy of this long 
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range of coast comes full in view : we near it, — we hare come 
up abreast of it : we see the AeUa of the Mountain Limestoae 
glittering white along its further shore, and the green deptha 
under our keel lightened by the flush of innumerable corals ; 
and then, bidding ferewell to the land for erm*, — for so the 
geologists of but five jeais ago would hare advised, — we 
launch into the unmeasured ocean of the Old Bed, with its 
three consecutiTe zones of animal life. Not a single patch of 
laud more do those geologic charts exhibit which we still re- 
gard as new. The zones of the Silurian and Cambrian suc- 
ceed the zones of the Old Red ; and, darkly fringed by an ob- 
scure bank of cloud ranged along the last zone in the aeries, a 
night that never dissipates settles down upon the deep. Our 
voyage, Uke that of the old fitbulons navigators of five cen- 
turies ago, terminates on the sea in a thick darkness, beyond 
which there lies no shore and there dawns no light. And it 
is in the middle of this vast ocean, just where the last ziHie of 
the Old Bed leans against the first zone of the Silorian, that 
we have succeeded in discovering a soUtary island unseen be- 
fore, — a gfarub-bearing land, much enveloped in fog, but with 
hills that at least look green in the distance. There are 
patches of floating sea-weed much comminuted by the surf 
all around it ; and on one projecting headland we see clear 
through our glasses a cone-bearing tree. 

This certainly is not the sort of arrangement demanded by 
the exigencies of the development hypothesis. A true wood 
at the base of the Old Bed Sandstone, or a true placoid in the 
Limestones of Bala, very considerably beneath the base of the 
Lower Silurian system, are untoward misplacements for the 
purposes of the Lamarckian ; and who that has watched the 
pn^ress of discovery for the last twenty yean, and seen the 
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place of the earlieet iclidijolite transferred from the Caibonife- 
rous to the Cambrian syatem, and that of the earliest exoge- 
nous lignite from the Liaa to the Lower Devonian, will now 
Teatore to say that fossil wood may not yet be detected as low 
in the scale as any vegetable organism whatever, or fossil fish 
as low as the remains of any animal ? But though the re- 
sponse of the earlier geologic systems be thus unfavourable to 
the development hypothesis, may not men such as the author 
of the " Vestiges" urge, that the geologic evidence, taken as a 
whole, and in its bearing on groupes and periods, establishes 
the general fact that the lower plants and animals preceded 
the higher, — that the conifera, for instance, preceded our true 
forest trees, such as the oak and elm, — that, in like manner, 
the fish preceded the reptile, that the reptile preceded the bird, 
that the bird preceded the mammiferous quadruped and the 
quadrumana, and that the mammiferous quadruped and the 
quadrumana preceded man ! Assuredly yes ! They may and 
do urge that Geology fiimiflhes evidence of such a succession 
of existences ; and the arrangement seems at once a very won- 
derful and very beautiful one. Of that great and imposing 
procession of being of which this world has been the scene, 
the programme has been admirably marshalled. But the 
order of the arrangement in no d^ee justifies the inference 
based upon it by the Lamarckian. The iact that fishes and 
reptiles were created on an earlier day than the beasts of the 
field and the human family, gives no groimd whatever for the 
belief that " the peopling of the earth was one of a natural 
kind, requiring time," or that the reptiles and fishes have been 
not only the predecessors, but also the pn^nitors, of the beasts 
and of man. The geological phenomena, even bad the author 
of the "Vestiges" been consulted in their arrangement^ and 
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permitted to determine their sequence, would yet have failed 
to ftiniish, not merely an adequate foundation for the deyelop- 
ment hypothesis, but eren the slightest presumption in its fa- 
vour. In making good the assertion, may I ask the reada- to 
follow me through the details of a simple though somewhat 
lengthened illustration ? 
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SUPERPOSITION NOT PARENTAL RELATION. 
THE BEQINNINQS OF LIFE. 



ScTBRAL thousand years ago, ere the upheaval of the last of 
our laiaed beaches, there existed somewhere oa the British 
coast a submarine bed, rich in sea-weed and the less destruc- 
tihle zoophjtes, and inhabited by the commoner cnistaceie and 
moUuBos. ^oals of herrings frequented it erery autmnn, 
haunted by their usual enemies tlie dog-fish, the cod, and the 
porpoise ; and, during the other seasons of the year, it was 
swum OTer by the ling, the hake, and the turhot. A con- 
siderable stream, that traversed a wide extent of marshy coun- 
try, waving with flags and reeds, and in which the fr^ and 
the newt bred by millions, entered the sea a few hundred 
yards away, and bore down, when in flood, its modicum of 
reptilian remains, some of which, sinking over the submarine 
bed, found a lodgment at the bottom. Portions of reeds and 
flags were also occasionally entombed, with now and then 
boughs of the pine and juniper, swept from the higher grounds. 
Through frequent depositions of earthy matter brought down 
by the sdeamlet, and of sand thrown up by the sea, a gradual 
elevation of the bottom went on, till at length the deep-sea 
bed came to exist as a shallow bank, over which birds of the 
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wader fiunilj stalked mid-leg deep when plying for food ; and 
on one occasion a email porpoise, losing hia yiaj, and getting 
entangled amid its shoals, perished on it, and left his cansaae 
to be covered up hj its mud and silt That eieration of the 
land, or recession of the sea, to which the coootry owes its last 
acquired marginal strip of soil, took place, and the shallow 
bank became a flat meadow, rdsed «Hne six or eight feet above 
the sea-level. Herbs, shrubs, and trees, in course of dme 
covered it over ; and then, as century succeeded century, it 
gathered atop a thick stnttmn of peaty mould, embedding por- 
tions of birch and hazel bushes, and a lew doddered oaks. 
When in this state, at a comparatively recent period, an Italian 
boy, accompanied by his monkey, was pasting over it, when 
the poor monkey, hard-wrought and ill-fed, and withal but in- 
difierently suited originally for iMaving the rigours of a keen 
northern climate, lay down and died, and his sorrowing master 
covered up the remsuns. Not many years after, the mutilated 
corpse of a poor shipwrecked sailor was thrown up, during a 
night-storm, on the neighbouring beach : it was a mere frag- 
ment of the human frame, — a mouldering, unsightly mass, de- 
composing in the sun ; and a humane herd-boy, scooping out 
a shallow grave for it, immediately over that of the monkey, 
buried it up. Last of all, a &rmer, bent on agricnltoral im- 
provement, furrowed the flat meadow to the depth of some six 
or eight feet, by a broad ditch, that laid open its organic coo- 
tents from top to bottom. And then a philosopher of the 
school of Maillet and Lamarck, who had chanced to come the 
way, stepped aside to examine the pheaomena, and square 
them vrith his theory. 

First, along the bottom of the deep ditch he detects marine 
organisms of a low order, and generally of a small size. There 
are dark indistinct markings traversing the gray silt, which he 
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correctly enough regards as the remaiiu of fiicoida ; and bleot 
with these he finds the atony cells of fiuatra, the calcareous 
spindles of the sea-pen, the spines of echinus, and the thin 
granular plates of the Crustacea. Layers of mussel and pecten 
shells come next, mixed up witli the shells of buccinum, nati- 
ca, and trochns. Orer the shells there occur defensire spines 
of the dog-fish, blent with the button-tike, thorn-set boudes 
of the ray. And the minute skeletons of herrings, with the 
vertebr^ and cerebral bones of cod, rest over these in turn. 
He finds also weU-preserred bits of reed, and a fragment of 
pine. Higher up, (he well-marked bones of the frog occur, 
and the minute skeleton of a newt ; higher still, the boaes of 
birds of the direr &mily ; higher still, the skeleton of a por- 
poise ; and still higher, he discoTers that of a monkey, resting 
amid the decayed boles and branches of dicotyledonous plants 
and trees. He pursues his search, Tastly delighted to find his 
doctrine of progressive development so beaulifiilly iUustratcd ; 
and last of all he detects, only a few inches from the sur&ce, 
the broken remains of the poor sailor^ And, having thus col- 
lected his &ctB, he sets himself to collate them with his hy- 
pothesis. To hold that the zoophytes had been oreatcd zoo- 
phytes, the molluscs molluscs, the fishes fishes, the reptiles rep- 
tiles, 01 the man a man, would be, according to our philoso- 
pher, alike derogatory to the Divine wisdom and to the acu- 
men and vigour of the human intellect : it would be " ditlret*- 
i^ toUm to be compelled to picture the power of God, at pat 
JbrtA in any other manner than in t&oet tlow, mytteriom, wit- 
vereal laKt, which have lo plainly on eternity to work in ;" nor, 
with BO large an amount of evidence before him as that which 
the ditch firniisbes, — evidence concludve to the efiect that 
creation is but developmait,' — does he find it necessary either 
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to orarap Us feculties or outr^e Iiis taste, by a weak yielding 
to the requiretneats of any snch belief. 

Me&nwbile tbe farmer, — a plain, obseryant, elderly man, 
comes up, and be and the philosopher enter into conyersation. 
" I have been reading the history of creation in the side of 
your deep ditch,' says the philosopher, " and find the record 
really very complete." " Look there," he adds, pointing to the 
uoibssiliferous atrip that runs along the bottom of the bank ; 
" there, life, both vegetable and animal, first began. It began, 
struck by electricity out of albumen, as a congeries of minute 
globe-shaped atoms, each a hollow sphere witbiu a sphere, as 
in tbe well-known Chinese puzzle ; and from these living 
atoms were all tbe higher fornts progressively developed. The 
ditch, of course, exhibits none of tbe atoms vritb which being 
first commenced ; for the atoms don't keep ; — we merely see 
their place indicated by that unfossiUferons band at the bot- 
tom ; but we may detect immediately over it almost the first 
organisms into which, — parting thus early into the two great 
branches of organic being, — they were developed. There are 
the fiicoids, first-bom among vegetables, — and tiiere the zoo- 
phytes, well nigh the lowest of tbe animal forms. The fiicoids 
are marine plants ; for, according to Oken, < all Ufe is Irom tbe. 
gea,~r-none from the continent ;' but there, a few feet higher, 
we may see the remains of reeds and flags, — semi-aqueous, 
aemi-aerial plants, of the comparatively low monocotyledonous 
order into which the fiicoids were developed ; higher still we 
detect fi-agments of pines, and, I think, juniper, — trees and 
shrubs of the land, of an intermediate order, into which tbe 
reeds and flags were developed in turn ; and in that peaty 
layer immediately beneath the vegetable mould, there occur 
boughs and trunks of blackened oak, — a noble tree of the di- 
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cotjIedonouB diTision, — the highest to nhich Tegetation in its 
upward course has yet attained. Kor is the progress of the 
other great branch of organized beii^, — that of the animal 
Icingdom, — less distinctly traceable. The zoophytes became 
Crustacea and molluscs, — the Crustacea and molluscs, dog- 
fishes and herrings, — the d<^-£sh, a low piacoid, shot up 
cbiefiy into tnrbot, cod, and ling ; but the smaller osseous fish 
was gradually converted into a batrachian reptile ; in short, 
the herring became a ft<^, — an animal that still teftifies to its 
ichtbyological origin, by commencing Ufe as a fish. Gradual- 
ly, in the course of years, the reptile, expanding in size and 
improTing in faculty, passed into a warm-blooded porpoise ; 
the porpoise at length, tiring of the water as he began to know 
better, quitted it altogether, and became a monkey, and the 
monkey by slow degrees improved into man, — yes, into man, 
my IHend, who has still a tendency, especially when just shoot- 
ing up to his fall stature, and studying the ' Vestiges,' to re- 
sume the monkey. Such, Sir, is the true history of creation, 
as cleariy recorded in the section of earth, moss, and silt, 
which you have so opportunely laid bare. Where that ditch 
now opens, the generations of the man atop lived, died, and 
were developed. There flourished and decayed his great- 
great-great-^reat-grandfether the sea-pen, — his great-great- 
great-giand&ther the mussel, — his great-great^^randiather the 
herring, — his great-grandfather the fixig, — bis grandiather the 
porpoise, — and bis father the monkey. And there also lived, 
died, and were developed, the generations of the oak, from the 
kelp-weed and tangle to the reed and the flag, and from the reed 
and the flag, to the pine, tbe juniper, the hazel, and the birch." 
" Master," replies the farmer, " I see you are a scholar, and, 
I suspect, a wag. It would take a great deal of beheving to 
believe all that. In the days of my poor old neighbour the 
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infidel weavN, who died of delirium Irement tliiity yean ago, 
I used to read Tom Paine ; aad, as I was a tittle wild at the 
time, I was, I am afraid, a bit of a sceptic. It wasn't easy 
work always to be as unhelieving as Tom, especi^j when the 
conscience within got queasy ; but it would be a rast deal 
easier, Maat^, to doutt with Tom than to beHene with you. I 
am a plain man, but not quite a fool ; and as I have now been 
looking about me in this neighbourhood for the last forty yean, 
I hare come to know that it gives no assurance that any one 
thing grew out of any other thing because it chances tA be 
found atop of it. Master. See, yonder is Dobbin lying lazUy 
atop of his bundle of hay ; and yonder Uttle Jack, with bridle 
in hand, and he in a few minutes will be atop of Dobbin. 
And all I see in that ditch. Master, from top to bottom, is 
neidier more nor less than a certain top-upon-bottom order of 
things. I see sets of bones and dead plants lying on the top 
of other sets of bones and dead plants, — things lying atop of 
things, as I say, like Dobbin on the hay and Jack upon Dob- 
bin. I doubt not the sea was once here. Master, just as it 
was once where you see the low-lying field yonder, which I 
won fr^m it ten years ago. I hare carted tangle and kelp- 
weed where I now cut clover and rye-grass, and hare gather- 
ed periwinkles where I now see snails. But it is el«an offaintl 
experience, as my poor old neighbour the weaver used to say, 
— against my experience. Master, — that it was the kelp-weed 
that became the rye-grass, or that the periwinkles freshened 
into snails. The kelp-weed and periwinkles belong to those 
plants and animals of the sea that we find growing in <mlp 
the sea ; the rye-grass and sndls, to those plants and animals 
of the land that we find growing on onlg the land. It is con- 
trary to all experience, and all testimony too, that the one 
passed into the other, and so I cannot beUeve it ; but I do 
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and mtist believe, instead, — for it is not contfaiy to experience, 
and much according to testimony, — that the Author of all 
created both land productions imd sea productions at tlie 
' times before ^pointed,' and ' detenniaed the bounds of their 
habitation.' ' Bj fitith we understand tliat the worlds were 
framed by the word of God ;' and I find I can be a belieTer 
on God's terms at a much less expense of credulity than an 
infidel on youts." 

But in this form at least it can be scarce necessaiy that the 
argument should be prolonged. 

The geological phenomena, I repeat, even had the author 
of the " Vestiges" been consulted in their arrangement, and 
p^mitted to determine their sequence, nonld fyH to fiimish a 
single presumption in fiivour of the development hypothesis. 
Does the ditcb-dde of my illustration famish it with a single 
fovonring presumption ? The arrangement and sequence of 
the various organisms are complete in both the zoological and 
phytological branch. The flag and reed succeed the fucoid ; 
the fir and juniper succeed the flag and reed ; and ^e hazel, 
birch, and oak succeed the fir and juniper. In like manner, 
and with equal r^jularity, zoophyte^ the radiala, the articu- 
lata, moUusca, fishes, reptiles, birds, and manunals, are ranged, 
the superior in succession over the inferior classes, in the true 
ascending order ; and yet we at once see that the evidence of 
the ditch-side, amounting in the aggre^te to no more than 
this, that the remains of the higher lie over those of the lower 
organisms, gives not a shadow of support to the hypothesis 
that the lower produced the higher. For, according to the 
htmest &rmer, the &ct that any oae thing is tbiind lying on 
the top of any other thing, furnishes no presumption whatever 
that the thing below stands in the relation of parent to the 
thing above. And the evidence which the well-ranged or- 
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ganimu of tlie'ditch-ude do not inmish, the organisms of the 
endre geologic scale, eren were they eqaelly well ranged, 
would &il to supply. Tlie foemliferous portion of the ditct- 
side of my illuBtrstion may be, let us suppose, some five or six 
/isM in thickness ; the fbesiliferous portion of the earth's crust 
must be some fire or six TaiUi in thickness. But the mere 
circumstance of space introduces no new elemrait into the 
question. Equally in both cases the foct of superposition is 
not identical with the &ct of parental relation, nor even in any 
d^ree an analogous &ct. 

As, bowerer, the succession of r^naius in the fossilif^ous 
series of tocks is infinitely less &TouTable to the derelopment 
hypothesis than that of the organisinB of the dituh-aide, it is 
not T^ surprising that the disciples of the deTelopment school 
should be now evincing a dispodtlon to escape from the ascer- 
tained facts of Geology, and the legidmate conclusions based 
upon these, into unknown and unexplored provinces of the 
science ; or that they should be found virtually urging, that 
though some of the ascertained facts may seem to bear against 
them, the iacts not yet ascertained may be found telling in 
their fevour. Such, in efiect, is the course taken by the 
author of the " Vestiges," in his " Explanations," when, avail- 
ing himself of a difierence of opinion which exists amoi^ some 
of our most accomplished geologists regarding the fiist epochs 
of organized existence, he takes part with the section who 
hold that we have not yet penetrated to the deposits represen- 
tative of the dawn of being, and that fossil-charged formations 
may yet be detected beneath the oldest rocks of what is now 
r^arded as the lowest fossiliferous system. Sir Charles Lyelt 
and Mr Leonard Homer represent the abler and better-known 
assertors of this last view ; while Sir Roderick Murchison and 
Professor Sedgwick rank among the more distinguished asserts 
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ore of the antagonist one. It would he of course utterly pre- 
aumptuous in the >vriter of these pages to attempt deciding a 
•question r^aiding which such men difier ; but in forming a 
judgment for myself^ Tarious considerations incline me to hold, 
that the point is now very nearly determined at which, t^ em- 
ploy the language of Sir Roderick, " Ute was firet breathed 
into the waters." The pyramid of organized existence, as it 
ascends into the by-paat eternity, inclines sensibly towards its 
apex, — that apex of " b^innift^" in which, on far other than 
geological grounds, it is our privilege to beUeve. The broad 
base of the Bupeistructure, planted on the existing noie, stretches 
across the entire scale of life, animal and vegetable ; but it 
contracts as it rises into the past ; — man, — the quadnimana, — 
the quadrupedal mammal, — the bird, — and the reptile, — are 
each in succession struck from off its breadth, till we at length 
see it with the Tenebrata, represented by only the fish, nar- 
rowing, as it were, to a point ; and though the clouds of the 
upper region may hide its extreme apex, we infer fi^m the de- 
clination of its sides, that it cannot penetrate much farther into 
the profound. When Steele and Addison were engaged in 
breaking up piecemeal their Spectator Club, — killing off good 
Sis Roger de Coreily with a defluction, marrying Will Honey- 
comb to Ms tenant's daughter, and sending away Capttun Sen- 
try and Sir Andrew Freeport to their estates in the country, — 
it was shrewdly inferred that the " Spectator" himself was very 
soon to quit the field; and the sudden discontinuance of his 
lucubrations justified the inference. And a corresponding 
style of reasoning, based on the corresponding lact of the 
breaking up and piecemeal disappearance of the group of or- 
ganized being, seems equally admissible. It is somewhat difB- 
cnlt to conceive how at least many more rolumes of the geo- 
lt«ic record than the known ones could be got up without the 
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elub. Further, — so &r as yet appean, tbe fish must haTe Und 
in odrauce of the reptile during the three piotiacted periods of 
the Old Red Sandstone, the two still more protracted periods 
of the Upper and Lower Silurians, and the perhaps more pro- 
tracted period still of the Cambrian depodls ; — ^in all, appa- 
imtljr, a greatlj more extended space than that in which the 
reptile lived in advance of the quadrupedal mammal, or the 
quadrupedal mammal lived in advance of man. On priniaples 
somewhat similar to those on which, with reference to the 
average term of life, the genealogist fixe* the probable period 
of some birth in his chain of succession of which he cannot 
detenniue the exact date, it seeing natural to infer that the 
birth of the fi^ should have taken place at least not earHet 
than the times of the Cambrian s^tem. 

There is another consideration, of at least equal, if not greater 
weight A general correspondence is found to obtain in wide- 
ly-separated localities, in the oi^anic contents of that lowest 
band of the Lower Silurian or Cambrian system in which fos- 
sils have been detected. In Russia, in Sweden, in Norway, 
in the Lake district of England, and in the United States, 
there are certain rocks which occupy relatively the same place, 
and enclose wh^ may be described generally as the same re- 
mains. They occur in Scandinavia as that " fiicoidal band" 
of Sir Roderick Murchison which forms the base of the vast 
Faheozoic basin of the Baltic ; they exist in Cumberland 
and Westmoreland as the Skiddaw stales of Professor Sedg- 
wick, and bear also their fiicoidal impreraions, blent with 
graptolites ; they are present in North America as those Pots- 
dam sandstones of the States' geologists in which fucoids so 
abound, mixed with a minute lingula, that they impart to 
some portions of the strata a carboniferous character. But 
with these deep-lying beds in all these several localities, thou- 
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saadfl of mile* apart, fbuils cease. And yrhj cease vith than ? 
In one localit]' the ancient oce«n may hare been of such a 
depth in the period immediately previotu, and represented, in 
consequence, by the strata unmediately bewail, that no ani- 
mal could have lived at its bottom, — though I do not well see 
why the remains of those animals who, like the shark and 
pilot-fiah, are frequently seen swimming orer the profoundest 
depths, might not, did such exist at the time, be notwithstand- 
ing /oand at its bottom ; or in another locahty every trace of 
organizatioii in the nether rocks may have been obliterated, at 
some posterior period, by fire. But it is difficult to im^nine 
that that uniform cessation of organized life at one point, which 
se^ns to have conducted Sir Roderick HurchiB«m and Profes- 
sor Sedgwick to their conclusion, should have been thus a mere 
effect of accident Accident has its laws, but uniibrmity is not 
one of them ; and should the experience be invariable, as it al- 
ready seems extensive, that unmediately beneath the fiicoidal 
beds o^anic remains cease, I do not see how the conclusion 
is to be avoided, that they represent the period in which at 
least exiitmiae* capable of pretertatwa was first introduced. 
Every case of coincident cessation which has occurred since the 
determinadon of the second case, must be reckoned, not simply 
as an additional unit in evidence, but, on the principles wliich 
determine mathematical probability, as a unit multiplied, first 
by the chances against its occurrence, regarded as a mere con- 
tingency in that exact formatiou, and second, by the sum of 
all the previous occurrences at the same point. 

In this curious question, however, which it must be the part 
of future explorers in the geological field definitely to settle, 
the Lamarckian can have no It^tim^e stake. It is but na- 
tural that, in his anxiety to secure an ultimate retreat fiir his 
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hypotheuB, lie should desire to see that darkness in which 
ghosts loTe to walk settling down on the extreme vei^ of tlie 
geolc^ical horizon, and enveloping in its folds the first begui- 
ningB of life. But eren did the cloud exist, it is, if I may so 
express myself, on its nearer side, where there is light, — sot 
within nor beyond it, where there is none, — that the battle 
must be fought. It is to Oeoli^ at it it ktu/wtt to be that the 
Lamarddan has appealed, — not to Geology as it is tuX known 
to be. He has sunuuoned into court eteitting witnesses; and, 
finding their testimony unfavourable, he seeks to neutralize 
Uieir evidence, by calling from the " vasty deep" of the unex~ 
amined and the obscure, witnesses that " won't come," — that by 
the legitimate authorities are not known to exist, — and with 
which he himself is, on his own confession, wbolly unac- 
cfuainted, save in the old scholastic character of mere possibi- 
lities. The poifilde fossil can have no more standing in this 
controversy than the "j/ostible angel." He tells us that we 
have not yet got down to that base-line of all the fossiliferous 
systems at which life first began ; and very possibly we have 
not. But what of that ? He has carried his appeal to Geo- 
logy at it u ; — he has referred bis case to the testimony of the 
ktioum witnesses, &>t in no case can the unknowm ones be 
summoned or produced. It is on the evidence of the known, 
and the knowu only, that the exact value of bis claims must 
be determined ; and his appeal to the unknown serves but to 
show how thoroughly be himself feels that the actually ascer- 
tained evidence heais agmnst him. The severe censure of 
Johnson on reasoners of this class is in no degree over-severe. 
" He who will determine,' said the moralist, " against that 
which he knows, because there may he something which he 
knows not, — be that can set hypothetical possibility against 
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acknowledged certainty, — is not to be admitted among reasoa- 
able beings." 

Bnt the honest f&rmer'a reminiscences of his deceased neigh- 
bour the weaver, and his use at second-hand of Hume's expe- 
rience argument, naturally lead me to another branch of the 
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LAMARCKIAN HYPOTHESIS OF THE ORIGIN OF 
PLANTS. 



ITS CONSEQUENCES. 



I HATE said that tlie curiously-iuixed, semi-marine, semi-la- 
cuBtrine flora of the Lake of Stemiis became associated in my 
mind, like the ancient Atterolepit of Stromaess, with the de~ 
velopment hypothesis. The fossil, as has been shown, repre- 
sents not inadeqoatelj the geol<^c eTidence in the question ; 
— the nixed vegetation of the lake may be regarded as form- 
ing a portion of the phyt^logical eTidence. 

" All life," says Oken, " is from the sea. Where the sea 
organism, by self-elevation, succeeds in attaining into form, 
tiiere issues fbrlli from it a higher oiganism. Love arose out 
of the sea-foam. The primary mucus (that in which electii- 
city originates life) was, and is still, generated in those very 
parts of the sea where the water is in contact with earth and 
air, and thus upon the shores. The first creation of the or- 
ganic took place where the first mountain summits projected 
out of the water, — indeed, without doubt, in India, if the 
Himalaya be the highest mountain. The Jir»t organic fortnt^ 
whether planU or animals, emerged Jrom the thallow parte of 
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the »ea." Maillet wrote to exactly the same efiect a AiU cen- 
tury ^o. " In a word," we find him saying, in hia " Tel- 
liamed," " do not herbs, plants, roots, grains, and all of this 
kind that the earth prodaces and nourishes, come from the 
aea ? Is it not at least natural to think so, since we are cer- 
tain that all our habitable lands came originally from the sea ? 
Besides, in small islands for from the continent, which have 
appeared but a few ages ago at most, and where it is manifest 
that never any man had been, we find shrubs, herbs, roots, and 
sometimes animals. Now, yoa must be forced to own either 
that these productions owed their origin to the sea, or to a new 
creation, which is absurd." 

It is a curious feet, to which, in the passing, I must be per- 
mitted to call the attention of the reader, tliat all the leading 
assertors of the development hypothesis hare been bad geolo- 
gists. Maillet had for bis errors and deficiencies the excel- 
lent apology that he wrote more than a hundred years ago, 
when the theory of a oniTereal ocean, promulgated by Leib- 
nitz nearly a century earlier, was quite as good aa any of the 
other theories of (he time, and when Geology, as a science, had 
no existence. And so we do not wonder at an ignorance 
which was simply that oi bis age, when we find him telling 
his readers that plants must bare originated in the sea, seeing 
that " all our habitable lands came originally frwm the sea;" 
meaning, of course, by the statement, not at all what the mo- 
dem geologist would mean were he to employ even the same 
words, but dmply that there was a time when Hie universal 
ocean covered the whole globe, and that, as the waters gra- 
dually diminished, the loftier mountain summits and higher 
table-lands, in appearing in their new character as islands and 
continents, derived their flora from what, in a universal ocean, 
could be the only possibly existing flora, — that of the sea. But 
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what shall we eay of the equally profound ignorance manifest- 
ed bj Piofeasor Oken, a Uving autboritj, whom we find pre- 
facing for the Bay Society, in 1847, the Kn^ish translation of 
his " Elements of Physio-Philosophy V " The firat creation 
of the organic took place," we find him saying, " where the 
first mountain summits projected out of the sea, — indeed, with- 
out doubt, in India, if the Himalaya be the kiffheit mountain." 
Here, evidently, in this late age of the world, in which Geo- 
logy does exist as a science, do we find the ghost of the uni- 
versal ocean of Leibnitz walking once more, aa if it had never 
been laid. Is there now in all Britain even a tyro geologist 
so unacquainted with geological &ct as not to know that the 
richest flora which the globe ever saw had existed for myriads 
of ages, and then, becoming extinct, had slept in the fossil 
state for myriads of ages more, ere the highest sommits of the 
Himalayan range rose over the surface of the deep ? The 
Himalayas disturbed, and bere up along with them in their 
tq>heaval, vast beds of the Oolitic system. Belemnites and 
ammonites have been dug out of their sides along tlie line 
of perpetual snow, seventeen thousand feet over the level of 
the sea. What in the recent period form the loftiest moun- 
tains of the globe, existed as portions of a deep-sea bottom, 
swum over by the fishes and reptiles of the great Secondary 
period, when what is now Scotland had its dark forests of 
stately pine, — represented in the present age of the world by 
the lignites of Helmsdale, Eathie, and Eigg, — and when the 
plants of a former creation lay dead and buried deep beneath, 
in shales and fire-clay, — existing as vast beds of coal, or en- 
tombed in soUd rock, as the brown massy trunks of Granton 
and Craigleith. And even ere these last existed as hving 
trees, the coniferous lignite of the Lower Old Red Sandstone 
found at Cromarty had passed into the fossil state, and lay as a 
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semi-calcareoua, semi-bituminous mass, amid perished Dtpte- 
riant and estinct Coeeoatm. So much for the Oeology of the 
Gertnaa Profess*^. And be it remarked, that the actmlitiei 
in this question can be determined by only the geologist. The 
mere naturalist may indicate from the analogies of his science 
what possibly might hare taken place ; but what really did 
take place, and the true order in which the events occurre<}, 
it is the part of the geologist to determine. It cannot be out 
of place to remark farther, that geological discoTerj is in no 
degree responsible for the infidelity of the development hypo- 
thesis; seeing that. In the first place, the hypothesis it yreatly 
more and^it than the digeov^ries, and, in the second, that its 
more prominent assertots are exaetlt) the men- who know least 
<^ geological fact. But to this special point I'shall again refer. 
The author of the " Vestiges" is at one, regarding the sup- 
posed marine origin of terrestnal plants, with Maitlet and 
Oken ; and he regards the theory, we find him stating in his 
" Explanations," as the true key to the well'-established fact, 
that the vegetation ofgroupes of islands generally corresponds 
with that of the larger masses-of land in their neighbourhood. 
Marine plants of the same kinds trept out of the sea,- it would 
seem, upon the islands on the one hand, and upen-tbe larger 
masses of land on the other, and thus produced the same flora 
in each ; just as tadpoles; af^r passing th^ transition state, 
creep out of their canal or rivet on the opposite banks, and 
thus give to the fields or meadows on tbe right-hand side a 
supply of frogs, of the same appearance and size as those 
poured out upon the fields and meadows of the let^ "Thus, 
for example," we find him saying, " the Galapagos exhibit 
general chnracters in common with South America; and the 
Cape de Verd islands, with Africa. They are, in Mr Dar- 
win's happy phrase, satellites to those continents, in respect of 
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Dutural hklorf. Again," he continues, "when masses of land 
are onl; divided from eadt other hy narrow sea^ there is 
usually a community of forms. The European and African 
^orea of the Mediterranean present an example. Our own 
islands afford another of fur higher value. It appears that the 
flora of Ireland and Great Britain is various, or rather that 
we have live floras or distinct sets of plants, and that each of 
these is partaken of by a portion of the opposite continent. 
There are, first, a flora confined to the west of Ireland, and 
imparted likewise to the north-west of Spain ; second, a flora 
ia the south-west proiiiuntory of England and of Ireland, ex- 
tending across the Channel to the north-west coaat of France ; 
third, one common to the south-east of England and north of 
Frduce ; fourth, au Alpine flora developed in the Scottish and 
Welsh Highlands, and intimately related to that of the Nor- 
wegian Alps ; fifth, a flora which prevails over a large part of 
England uid Ireland, ' uiiugled with other floras, and dimi- 
nishing sliglitly as we proceed westward :' this bears intimate 
relation mtb the flora of Germany. Facts so remarkable would 
force the meanest fact-coUector ut species- demonstrator into 
generalization. The really ingenious man who lately brought 
them under notice (Professor Edward Forbes) could only sur- 
mise, as their explanation, that the spaces now occupied by 
the intermediate seas must have been dry land at the time 
when these floras were created. In that case, either the ori- 
ginal amuigement of the floras, or the selection of land for 
submergence, must have been apposite to the cose in a degree 
far from usual. The necessity for a simpler cause is obvious, 
and it is found in the hypothesis of a npread of terreilrial i>e- 
•/etatioii/rom the sea into the lands ailjacent. The community 
of forms in the various regions opposed to each other merely 
indicates a distinct marine creation in each of the oceanic areas 
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respectively interposed, and which would naturally advance 
iota the laods nearest to it, as far oa circumstances of soil arid 
climate were found agreeable." 

Such, regarding the origin of terrestrial vegetation, are the 
views of Maillet, Oken, and the author of tie " Vestiges." 
They all agree in holding that the plants of the land existed 
in their first condition as >veeds of the sea. 

Let me request the reader, at this stage, ere we pass on to 
the consideration of the esperience-argmnenf, to remark a few 
inciden^l, but hy no means unimportant, consequences of the 
belief. And, first, let him weigh for a moment the compara- 
tive demands on his credulity of the theory hy which Professor 
Forbes accounts for the various floras of the British Islands, 
and that hypothesis of trausmutation which the author of the 
" Vestiges" would so fain put in its place, as greatly more 
simple, and, of course, more in accordauce wi^ the principles 
of human belief. In order to the reception of the Professor's 
theory, it is necessary to hold, in the first place, that the crea- 
tion of each species of plant took place, not by repetition of 
production in various widely-separated centres, but in some 
single centre, from which the species propagated itaelf hy seed, 
bud, or scion, across the special area which it is now found to 
occupy. And this, in the first instance, is of course as much 
an assumption as any of those assumed numbers or assumed 
lines with which, in algebra and the mathematics, it is neces- 
sary in so many calculations to set out, in quest of some re- 
quired number or line, which, without the assistance of the 
assumed ones, we might despair of ever finding. But the as- 
sumption ia in itself neither unnatural nor violent ; there are 
various very remarkable analogies which lend it support ; the 
fects which seem least to harmonize with it are not wholly ir- 
reconcileiihle, and are, besides, of a merely esceplional cha- 
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racter ; tmA, furlhei, it has been adopted by botanistB of the 
highest standing.* It is necessary to hold, in the second 
place, io order to the reception of the theory, that the area of 
the earth's sur&ce occupied by the British t^nds and the 
neighbouring coasts of the Continent once stood fifty fathoms 
higher, in relation to the existiiig sea-level, than it does now. 



• Tbe following digest, from .Professor Bilionr's ler; admirable " Ms- 
unst of B«tsn;," of wliai la held on this curious subject, may be uot ua- 
K«pt>ble to ths reader. " It is an interesling question to determine 
the nude in which ithii various species and tribes of plants were original -. 
ly scattered over the globe. Various hypotheses have been advanced nn 
ths ■nbjtot. Iilnnaus enterUiined the opinion that there was at first 
onlj one primiUto centre of vegetation, from.which plants were distri- 
buted over the globe. Some, avoiding all discussions aud diffieultjes, 
suppose that pUnts were produced at first in tbe lomlltjes where the; 
are now seen vegeuting. Others tMut that each speeies of plant ori- 
ginated In, and was- diffused from, a single primitive centre; aud that 
there were numerous such c<>ntres sltaated in different parts of tbe 
world, each centre being the seat of a. particular number of speeies. 
Ihuj thus admlti great vegetable migrations, simitar to those of the 
human races. Those who adopt. the latter view recognise in the distri- 
bnUon of plants some of the last revolutions of our planet, and the tcCioa 
of numerous and varied forces, which impede or favour the dissemiua- 
tion of vegetables in the present. day. They endeavour to ascertain the 
[tfimitive flora of countries, and to trace the vegetable migrations which 
have taken place. Daubeny aays, that analogy favours tbe suppositioa 
lliat each species of plaut was origiiiallj formed in some particular lo- 
Cklitj, whence it. spread itself gradually over a certain area, rather than 
that the earth was at once, by the fiat of the Almighty, covered with ve- 
getation in the manner we at present.i}ebold it. The human race rose 
Crom a single pair; and the dislribulion of plants and animals overs cer- 
tun definite area would seem to ira.ply that tbe same was the general 
law. Analogy would lead us to believe that the extension of species aver 
the earth irlgiDBlly t«<>k place oh the same plan on which it is conducted 
at present, when a new island starts up in the midst of the ocean, pro- 
duced either by .a coral reef or a volcano. In these cases the whole sur- 
face i3.not.aC .once overspread with plants, bat a gradual progress of ve- 
getation l&traced from the accidental introduction of a single seed, per- 
haps^, of, each., species, wafted by winds or floated by currents. The re- 
markable limitation of certain species to single spots on the globe seemB 
t» favoui the supposition of specific centres." 
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— a belief which, whatever its specilic grounds or standing in 
this particular case, is at least in strict accordance with the 
general geological phenomena of subsidence and elevation, 
and which, so tor from outra^g any experience &unded on 
observation or testimony, runs in the same track with what is 
known of wide areas now is the course of ainking, like that 
on the Italian coast, in which the Bay of Boise and the ruins 
of the temple of Serapia occur, or that in Asia, M-hicb includes 
the Run of Cutch ; or of what is known of areas in the course 
«f rising, like part of the coast of Sweden, or part of the coast 
of South America, or in Asia along the western shores of 
Aracan. Whereas, in order to close with the simpler anta- 
gonistic belief of the author of the " Vestiges," it is necessary 
to hold, contrary to all espeneace, that duice and keTi-itare* 
became, through a very wonderful metamorphosist cabbage 
and spionage ; that kelp-weed and tangle bourgeoned into 
oaks and willows ; and that tlack, rope-weed, and greeii,-ra«;,\ 
shot up into mangel-wurzel, rye-grass, and clover. Simple, 
certainly'. An infidel on terms such as these could with no 
propriety be regarded as an unbdieter. It is well that the 
New Testament makes no such extraordinary demands on 
human creduhty. 

Let us Tcmaxk further, at this stage, that, judging firom the 
generally received geological evidence in the case, very little 
rime seems to be allowed by the author of the " Vestiges" for 
that miraculous process of transmutation through which the 
Jow algffi of our aea-ahorea are held to have passed into the 
high orders of plants which constitute the prevailing British 
flora. The boulder clay, which rises so high along our hills. 
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and whicb, as sboivn hy its infenor portion on the lotver 
grounds, is decidedly the most ancient of ihe country's super- 
ficial deposits, is yet so modern, geologically, that it contains 
only recent shells. It belongs to that cold, glacial, post-Ter- 
tiary period, in which what is now Britain existed a» a few 
groupes of insulated hill-tops, hearing the semi-arclic vegeta- 
tion of OUT fourth flora, — that true Celtic flora of the country 
which we now SnA, like the country's Celtic races of our own 
species, cooped up among the mountains. The fifth or Gw- 
manic flora must have been introduced, it is held, at a later 
period, when the climate had greatly meliorated. And if we 
are to hold that the plants of this last flora wera developed ftom 
sea-weed, not propagated across a continuity of land from the 
original centce in OeimaDy, or borne by currents Irom the 
mouths of the Germanic rivers — 'be theory of Mon. C. Mar- 
tins, — then must we also hold tbat that development took 
place since the times of the boulder clay, and that fucoids and 
confervie became dicotyledonous and monocotyledonous plants 
during a brief period, in which the Purpura Lapillua and 
Turritella terebra did not alter a single whorl, and the Cy- 
prina lalandica and Astarte Borealii retained unchanged each 
minute projection of their hinges, and each nicer peculiarity of 
their muscular impressions. Creation would be greatly less 
wonderfiil than a sudden transmutative process such as this, 
restricted in its operation to groupes of English, Irish, and 
Manx plants, identical with groupes in Germany, when all 
the various oi^;anisras around them, such as our sea-shells, 
continued to be exactly what they had been for ages before. 
A process of development from the lowest to the highest foDms, 
rigidly restricted to the flora of a country, would be simply the 
miracle of Jonah's gourd several thousand times repeated. 
I must here indulge in a few rem.irks- more, which, though 
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they may seem of an incidental character, have a direct b 
ing on the general subject. The geologist infers, in ali 
reasonings founded on fossils, that a race or species has 
isted from some one certain point in the scaJe to some o 
certain point, if he find it occurring at both points t«get 
He infers on this principle, for instance, that the boulder i 
which contains only recent shells, belongs to the recent or j 
Tertiary period ; and that the Oolite and Lias, which con 
no recent shells, represent a period whose existences havi 
become esttnct. And all experience serves to show thai 
principle is a sound one. In creation there are many sp< 
linked together, from their degree of similarity, by the ffni 
tie ; but no perfect verisimilitude obtains among them, uj 
hereditarily derived from the one, two, or more individua 
contemporary origin with which the race began. True, I 
are some races that have spread over very wide circles,- 
circle of the human family has become identical with thi 
the globe; and there are certain plants and animals that, 
peculiar powers of adaptation to the varieties of soil an< 
mate, — mayhap also from the tenacious vitality of their s 
and their facilities of transport by natural means, — are 
wise diffused very widely. There are plants, too, sueh a 
common nettle and some of the ordinary grasses, which ac' 
pany civilized man all over the globe, he scarce knows 
and spring up unbidden wherever he fixes his habitation. 
besides, carries with him the common agricultural weeds : 
are localities in the United States, says Sir Charles I 
where these exotic* outnumber the native plants ; but 
are exceptions to the prevailing economy of distribution ; 
the circles of species generally are comparatively limited 
well defined. The mountains of the southern hemis] 
have, like those of Switzerland and tbe Scotch High! 
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their torests ol coaiterous trees ; but they furnish no Swiss 
pinea or Scotch firs; nor do the coasts of Netv Zealand or 
Van Dieman's Land supply the Europeun shells or iish. 
True, tliere is much to puzzle in the identity of what may be 
termed the exceptional plants, equally indigenous, apparently, 
ill cirples widely separated by space. It has been estimated 
that there exist about a hundred thousand vegetable species ; 
and of these, thirty antarctic forms have been recognised by 
Dr Hooker as identical with European ones. Had Robinson 
Crusoe Med to remember that be had shaken the old corn- 
hag where he found the wheat and barley ears springing up 
on his island, he might have held that he had discovered a 
new centre of the European ceralia. And the proce^ analo- 
gous to the shaking of the b^ is frequently a process not to 
be remembered. There are several minute lochans in the 
Hebrides and the west of Ireland in which there occurs a 
small plant of the cord-rush family {^Eriocaulon SepUmgu- 
iare), which, though common in America, is nowhere to be 
fqund on the European Contiuent. It is the only British 
plant which beloi^ to no other part of Europe. How was it 
transported across the Atlantic ? Entangled, mayhap, in the 
form of a single seed, — for its seeds are exceedingly light and 
small, — in the plumage of some water-fowl, free of botit sea 
and lake, it had been carried in the germ from the weed- 
skirted edge of some American swamp or mere, to some mosey 
lochan of Connaught or of Skye ; and one such seed trans- 
ported by one such accident, uui(|ue in its occurrence in thou- 
sands of years, would be quite sufficient to puzzle all the bo- 
tanists for ever after. I have seen the seed of one of our 
Scotch grasses, that had been originally caught in the matted 
fleece of a sheep roared among the hills of Sutherland, and 
then wj'ou^tlt into a coarse, iii-diessed woollen cloth, carried 
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about for months in a piece of underclothing. It might have 
gone over half the globe in that time, and, when cast away 
vfith the woni vestment, might have originated a new circle 
for its species in South America or New Holland. There are 
seeds specially contrived by the Great Designer to be carried 
tar from their original habitats in the coats of animals, — a 
mode which admits of transport to much greater distances than 
the mode, also extensively operative, of consigning them for 
conveyance to their stomachs; and when we see the work in 
its effects, we arc puzzled by the want of a record of an emi- 
gratory process, of which, in the circumstances, no record 
could possibly exist. Unable to make out a case for the 
'■ shaking of the b^," we bethink us, in the emergency, of 
repetition of creation. But in circles separated by time, not 
space, — by time, across whose dim gul& no voyager sails and 
no bird flies, and over which there are no means of transport 
from the point where a race once fails, to any other point in 
the fiiture, — we find no repetition of species. If the produc- 
tion of perfect duplicates or triplicates in independent centres 
were a law of nature, our works of physical science could 
scarce &il to tell us of identical species found occurring in 
widely-separated systems, — Scotch firs and larches, for in- 
stuice, among the lignites of the Lias, or C^/prina Islandica 
and Oilrea edalit among the shells of the Mountain Lime- 
Btone. But never yet has the geologist found in bis systems 
or formations any such evidence as facts such as these might 
be legitimately held to furnish, of the independent de novo 
production of individual members of any single species. On 
the contrary, the evidence lies so entirely the other way, that 
he reasons on the existence of a family relation obtaining be- 
tween all the membeiB of each species, as one of his best- 
established principles. If members of the same species may 
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oxigt through de novo produclion, without hereditary relation- 
ship, so thoTOUghlj, in consequence, does tfaelUbric of geolt^- 
ca) reasoning fall to the ground, that we find ourselres inca- 
paciliited from regarding even the l>ed of commoa cockle or 
inussel shells, which we find lying a few feet from the surface 
on our raised beaches, aa of the existing creation at alL Nay, 
even the human remains of our moors may hsTe btJonged, if 
our principle of relationship in each species be not a true ose, 
to some former creation, cut off fi:om that to which we our- 
selves belong, by a wide period of death. All palteontologi- 
cal reasoning is at an end fot ever, if identical ^ecies can 
originate in independent centres, widely separated from each 
other by periods of time ; and if they fail to originate in pe- 
riods separated by time, how oi why in centres separated by 
spaced 

Let the reader remark &rther, the bearing of those facts 
from which this principle of geological reasoning has been de- 
rived, on the development hypothesis. We find species re- 
stricted to circles and periods ; and though stragglers are oc- 
casionally found outside the circle in the esieting state of 
things, never are they found beyond theii period among the 
remains of the past. It was profi>uadly aigued by Cuvier, 
that life could not possibly have had a chemical origin. " In 
fact," we find him remarking, "-life exerciMng upon the ele- 
ments which at every instant form part of the living body, and 
upon those which it attracts to it, mi action contrary to that 
which would be produced without it by the usual cberaictd 
affinities, it is inconsistent to suppose that it can itself be pro- 
duced by these affinities." And the phenomena of restriction 
to circle and period testify to the same eflect. Nothing, on 
the one hand, (am be more various in character and aspect 
than the oi^anized existences of the various circles and pei^ods ; 
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nothing more invariable, on the other, than the results of che- 
mical or electrieal experiment. And yet, to use almost the 
words of Cuvier, " we know of no other power in nature ca- 
pable of re-uniting pteviously separated molecules," than the 
electric and the chemical. To these agents, accordingly, all 
the assertors of the development hypothesis have had recourse 
for at least the origination of life. Air, water, earth existing 
as a saline mucus, and an active persistent electricity, are the 
creative ingredients of Oken. The author of the " Vestiges" 
is rather less explicit on the subject : he simply refers to the 
foct, that the '* liasis of all regetabk and animal substances 
consists of nucleated cells, — that is, of cells having granules 
within them ;" and states that globules of a resembling cha- 
racter " can be produced in albumen by electricity ;" and that 
though albumen itself has not yet been produced by artificial 
means, — the only step in the process of creation which is want- 
ing, — it is yet known to be a chemical composition, the mode 
of whose production may " be any day discovered in the la- 
boratory," Further, he adopts, as part of the foundation of 
his hypothesis, the pseudo-experiment of Mr Weekes, who 
holds that out of certain saline preparations, acted upon by 
electricity, he can produce certain living animalculte of the mite 
femily, — the vital and the organized out of the inorganic and 
the dead. In all such cases, electricity, or rather, according 
to Oken, galvanism, is regarded as the vitalizing principle. 
" Organitm^' says the German, " is galraniem residing in a 

thoroughly homi^eneous mass A galvanic pile 

pounded into atoms must become alive. In this manner na- 
ture brings forth organic bodies." I have even heard it seri- 
ously asked whether electricity be not God ! Alas ! could 
such a god, limited in its capacity of action, like those " gods 
of the plains" in which the old Syrian trusted, have wrou;:ht, 



T,Google 



236 CONSEQUENCES 

in the character of Creator, with a variety of resnit so endless, 
that in no geologic period has repetition taken place ? In all 
that purports to be experiment on the development side of the 
question, we see nothing else save repetition. The Acarm 
Crottii of Mr Weekes is not a new species, but the repetition 
of an old one, which has been long known as the Aearug Aor- 
ridut, a little briatle-covered creature of the mite lamily, that 
harbours in damp comers, among the debris of outhouses, and 
the dust and dirt of n^lected work-shops and laboratories. 
Nay, even a change in the chemical portion of the experiment 
by which he believed the creature to be produced, felled to se- 
cure variety. A poweriul electric fluid had been sent, in the 
first instance, through a solution of silicate of potash, and, 
after a time, the Acarut horridug crawled out of the fluid. 
Tbe current was then sent through a solution of nitrate of cop- 
per, and, after a due space, the Acartu horridue again creeped 
out. A solution of ferro-cyanate of potash was next subjected 
to the current, and yet again, and in greater numbers than on 
the two former occasions, there appeared, as in virtue, it would 
seem, of its estraordinary appetency, to be the same ever-recur- 
ring Acarut korridut. How, or in what form, tbe little crea- 
ture should have been introduced into the several experiments, 
it is not the part of those who question their legitimacy to ex- 
plain ; it is enough for us to know, that individuals of the fa- 
mily to which the Acarut belongs are so remarkable for their 
powers of life, even in their fully developed state, as to resist, 
for a time, the application of boiling water, and to live long in 
alcohol. We know, further, that the germg of the lower ani- 
mals are greatly more tenacious of vitality than the animals 
themselves ; and that tbey may exist in their state of embryo- 
ism in the most unthought of and elusive forms ; nay, — as the 
recent discoveries regarding alterations of generation have coa- 
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clmirely shown, — that the germ which produced the parent 
may be wholly milike tJie germ that produces its ofi^pring, 
and yet identical with that which produced the parent's parent. 
Save on the theory of a quiescent vitality, maintained by seeds 
for centuries- within, a few inches of the earth's surface, we 
know not how a layer of shell-sand or marl, spread orer the 
bleak moors of< Harris,, should produce crops of white clover 
where only heath had grown before ;, nor how brakes of dod- 
dered furze burnt doivn on the slopes of the Cromuty Sutors 
should be so frequently succeeded- by thickets of raspberry. 
We are not, however, to give up the ttninojm, — that illimi- 
table province in whieh.science discovers,- — to be a wild region 
of dream, in which fautasy may invent. There are many dark 
places in the field of human knowledge which even the re- 
searches of ages may fail wholly to enlighten ; but no one de- 
rives a right from that cirounistanoe to people them with chi- 
meras and phantoms. They belong to the philosophers of the 
future, — not to the visionaries of the present. But while it is 
not our part to explain Aote, in the experiments of Mr Weekes, 
the chain of life &om life has been maintained unbroken, we 
can most conclusively show, that that world of organized ex- 
istence of which we ourselves form part, is, and ever has been, 
a world, not of tame repetition,, but of endless variety. It is 
palpably not a world of Acaridw of one species, nor yet of 
creatures developed from these, imder those electric or chemi- 
cal laws of which the grand characteristic is invariability of 
result. The vast variety of its- existences speak, not of the 
operation of unvarying la-wt, that represent, in their unifor- 
mity of result, the unchangeableuess of the Divinity, but of 
creative aeU, that exemplify the infinity of His resources. 

Let the reader yet farther remark, if he has followed me 
through these preliminary observations, what is really involved 
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in the hypothesU of tlie author of the " Veatiges," regarding 
the various floraa commoa to the British ialiinds and the Con- 
tinent. If it was upon liia si.-heme that En^and, Ireland, and 
the mainland of Ewope uuue to possess an identical flora, pro- 
duction de now) and by repetition of the same species must 
have taken place in thousands of instances along the shores of 
each island and of the mainland. His hypothesis demands 
that the sea-weed on (he coast of Ireland should have been de- 
veloped, first through lower, and ihen higher fbnns, info thou- 
sands of terrestrial plants, — that exactly the same process of 
development froni sea-weed into terrestrial pliints of the same 
species should have taken place on the coast of England, and 
again on the coasts of the Continent generally,^and that iden- 
tically the same vegetation should have been originated in this 
way in at least three great centres. And if plants of the same 
species could have had three distinct centres of organization 
and development, why not three hundred, or three thousand, 
or three hundred thousand ? Nor will it do to attempt escap- 
ing from the difficulty by alleging that there is the ground- 
work in iht case of at least a common marine vegetation to 
start from ; and that thus, if ive have not properly the exist- 
ence of the direct hereditary tie among the various individuals 
of each species, we may yet recognise at least a sort of collate- 
ral relationship among iheni, derived from the relationship 
of their marine ancestry. For relationship, in even the pri- 
mary stage, the author of the " Vestiges" virtually repudiates, 
by adopting, as one of the foundations of his hypothesis, with, 
of course, all the legitimate consequences, the esperiraents of 
Mr Weekes. The animal culee-making process is instanced as 
representative of the first stage of being, — that in which dead 
inorganic matter assumes vitality ; and it corresponds, in the 
zoological branch, lo the production of a low marine vegetation 
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in the phytological one. A certain aemi-cbemical, i 
trical process, originates, time aflcr time, certain □ 
forms of life, identical in species, but connected hy no tie of 
relationship : suck is tbe presumed result of the Weekes ex- 
periment. A certain farther process of development matures 
low forms of life, thus originated, into higher species, also 
identical, and also wholly unconnected by the family tie : such 
are the consequences legitimately involved in that island-vege- 
tation theory promulgated by the author of the "Vestiges." 
And be it remembered, that Mr Weekes' process, so far as 
it is simply electrical and chemical, is a process which is 
us capable of having been gone through in all times and 
all places, as that other process of strewing marl upon a 
moor, through which certain rustic experimenters have held 
that they produced white clover. It could have been gone 
through during the Carboniferous or the Silurian i)eriod ; for 
all truly chemical and eleclrical experiments would have re- 
sulted in manifestations of the same phenomena then as now ; 
— an acid would have efl'ervesced as freely with an alkali ; and 
each fibre of an electrified feather, — had feathers then ex- 
isted, — would have stood out as decidedly apart from all its 
neighbours. We must therefore hold, if we believe with the 
author of the " Vestiges," first, from the ^V'eekes experiment, 
that in all times, and in all pbtces, every centre of a certain 
chemical and electric action would have btcome a new centre 
of creation to certain recent species of low, but not very low, 
organization ; and, second, from his doctrine regtirding the 
identity of the British and Conticieiital floras, that in the 
course of subsequent development from these low forms, the 
process iu each of many widely-separated centres, — widely 
separated both by space and time,— would be so nicely cor- 
respondent with the process iu all the others, that the same 
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higher recent forms would be matured in all. And to doc- 
trines suck as these, the experience of all Geologists, all Phy- 
tologists, hU Zoologists, is diametrically opposed. If these 
doctrines be true, (Aeir sciences are false in their ^ts, and 
idle and unfounded in their principles. 
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THE TWO FLORAS, MARINE AND TERRESTRIAL. 
BBARINQ OP THE EXPERIENCE ARGUMENT. 



Is the reader acqwunted with the graphic vetae, and scarce 
less graphic prose, in which Crabbe describes the appearances 
presented by a terrestrial vegetation affected by the waters of 
the sea? In both passages, as in all his purely descriptive 
writings, there is a solidity of tnithfiil observation eshibited, 
which triumphs pver their general homeliness of vein. 

"On either side 
Is leTel fep, a prospect wild and wide, 
With djkee on eithur hand, by ocean Belf.snpplied. 
Far on the right the diEtant sea is seen. 
And salt the springs that feed tbe marsh between ; 
Beneath an aneieDt bridge tbe straitened flood 
Bolls through its sloping banks of sllmr mud ; 
Near It a sunken boat resists tbe tide, 
Tbat frets and bnnies to the opposing side ; 
The rushes sharp, tliat on the borders grow, 
Bend their brown florets to the stream below. 
Impure la all its course, in all its progress slow. 
Hero a grs<e Flora scarcely deigns to bloom, 
Nor wears a roa; blnsh, nor sheds perfume. 
The few dull flowers that o'er the place are spread, 
Partake the nature of their fenny bed ; 
Here on its wiry stem, In rigid bloom. 
Grows the salt laiender, that lacks perfume ; 
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And just in Tieir appvu-a tht^ stony bound. 

" The ditches of a fen so near the ocean," says the poet, io 
the note which accompanies this passage, " are lined with ir- 
regular patches of a coarse-stained laTei ; a muddy sediment 
rests on the horse-tail and other perennial herbs which in part 
conceal the shallowness of the stream ; a fat-leared, pale- 
flowering scuivy-grass appears early in the year, and the 
razor-edged bullnish in the summer and autumn. The fen 
itself has a dark and saline herbage : there are rushes and ar- 
nyto-head; and in a few patches the flakes of the cotton-grass 
are seen, but more commonly the Ka-aster, the dullest of that 
numerous and bardy genus ; a thrift, blue in flower, but 
withering, and remaining withered tiU the winter scatteis it ; 
the nalt-^uwrt, both simple and shrubby ; a few kinds of grass 
changed by the soil and atmosphere ; and low plants of two 
or three denominations, undistinguished in the general view of 
scenery ; — suoh is the regetation of the fen where it is at a 
small distance from the ocean." 

And such are the descriptions of Crabbe, at once a poet 
and a botanist. In referring to the blue tint exhibited in salt 
fens by the pink-coloured flower of the thrift iStatice Ar- 
tneria), he might have added, that the general green of the 
terrestrial vegetation likewise assumes, when subjected to those 
modified marine influences under which plants of the land can 
continue to Uve, a decided tinge of blue. It is further notice- 
able, that the general brown of at least the laiger alg(e pre- 
sents, as they creep upwards upon the beach to meet with 
these, a marked tinge of yellow. The prevailing brown of 
the one flora approximates towards yellow, — the prevailing 
green of the other towards blue ; and thus, instead of mulual- 
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ly mergii^ into some neutral tint, they assume at their line of 
meeting directly anl^onistic hues. 

But what does esperience say regarding the tiansmulative 
coDversion of a marine into a terrestrial vegetation, — that ex- 
perience on which the sceptic founds ao much f As I walked 
along the green edge of the Lake of Steunis, selvaged by the 
line of detached weeds with which a recent gale had strewed 
its shores, and marked that for the first few miles the accumu- 
lation consisted of inarme alg«, here and there mised with 
tuf(s of stunted reeds or rushes, and that as I receded trom 
the sea it was the algs that became stunted and dwarfish, and 
that the reeds, aquatic grasses, and rushes, grown greatly more 
bulky in the mass, were also more fully developed individual- 
ly, till at length the marine vegetation altc^ther disappeared, 
and the vegetable debris of the shore became purely lacus- 
trine, — I asked myself whether here, if anywhere, a transition 
flora between lake and sea ought sot to be found ? For many 
thousand years ere the tall gray obelisks of Stennis, whose 
forms 1 saw this morning reflected in the water, had been 
torn from the quarry, or laid down in mystic circle on their 
flat promontories, had this lake admitted the waters of the sea, 
and been salt in its lower reaches and fresh in its higher. And 
during this protracted period had its quiet, well-sheltered bot- 
tom been exposed to no disturbing influences through which 
the delicate process of transmutation could have been marred 
or arrested. Here, then, if in any circumstances, ought we to 
have had, in the broad permanently brackish reaches, at least 
indications of a vegetation intermediate in its nature between 
the monocotyledons of the lake and the algfe of the sea ; and 
yet not a restige of such an intermediate vegetation could 1 
find amoi^ the up-piled debris of the mixed floras, marine and 
lacustrine. The lake possesses no such intermediate vegeta- 
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tion. As tbe water freshena in its middle reaches, the algfe 
become dwarfish and ill-developed ; one species after another 
ceases to appear, as the habitat becomes wholly unfavourable 
to it ; until at length we find, instead of the brown, rootless, 
flowerless fiicoids and conferrn of the ocean, the green, rooted, 
flower- bearing flags, rushes, and aquatic grasses of the fresh 
water. Many thousands of jeara have biled to originate a 
single intermediate plant. And such, tested by a angularly 
extensive experience, is the general evidence. 

There is scarce a chsun-length of the shores of Britain and 
Ireland that has not been a hundred and a hundred times ex- 
plored by the botanifit, — keen to collect and prompt to register 
every rarity of the vegetable kingdom ; but has he ever yet 
succeeded in transferring to his herbarium a single plant caught 
in the transition slate ? Nay, are there any of the laws under 
which the v^etable kingdom exists better known than those 
laws which fix certain species of the algw to certain zones of 
coast, in which each, according to the overlying depth of water 
and the nature of the bottom, finds the only habitat in which 
it can exist ? The rough-stemmed tangle {Laminaria di^ 
lata) can exist no higher on the shore than the low line of ebb 
during stream-tides ; the smooth- stemmed tangle (Laminaria 
gaeeharina) flourishes along an inner belt, partially uncovered 
during the ebbs of the larger neaps ; the forked and cracker 
kelp-weeds (Fvcm terrattit and Fueut nodorat) thrive in a 
zone still less deeply covered by water, and which even the 
lower neaps expose. And at least one other species of kelp- 
weed, the Fuciu vetictilotut, occurs in a zone higher still, 
though, as it creeps upwards on the rooky beach, it loses its 
characteristic bladders, and becomes short and narrow of fixind'. 
The thick brown tufts of Fncut canaliculatut, which in the 
lower and middle reaches of the Lake of Stennis I found 
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heaped up in great abundance along the shores, also rises high 
on rocky beaches, — so high in some instances, that during 
neap-tides it remains uncoyered by the water for days to- 
gether. If, as is not uacommon, there be an escape of Iand~ 
springs along the beach, there may be found, where the iresli 
water oozes out through the sand and gravel, an upper t£nut- 
iial zone of the confervas, chiefly of a green colour, mixed with 
the ribbon-like green laver (Ulva latittimaj, the purplish- 
brown laver CPorphyra lactniataj, and stiU more largely with 
the green silky Enteromorpha (E. eompresiaj.* And then, 
decidedly within the line of the storm-beaches of winter, — not 
unfrequently in low sheltered bays, such aa the Bay of Udate 
or of Nigg, where the ripple of every higher flood washes, — 
we may find the vegetation of the land, — represented by the 
sentinels and picquets of its outposts, — coming down, as if to 
meet with the higher-growing plants of the sea. In salt 
marshes the two vegetations may be seen, if I may so express 
myself, dovetaiUd together at their edges, — at least one species 
of club-rush (Scirpua maritimug) and the common salt- wort 
and glass-wort {Sai»ola kali and Salicamia procwnbensj en~ 
croaching so fax upon the sea as to mingle with a thinly-scat- 
tned and sorely-diminished fueus, — that bladderless variety of 
the Fueu* veKculotm to which I have already referred, and 
which may be detected in such localities, shooting forth its 
minute brown fronds from the pebbles. On rocky coasts, 
where springs of tresh water come trickling down along the 



* "Dr N«lll meations," u;s the ReT. Mr Laadsborough, In his cora- 
plute and verj interesting " Uistor; of British Sea-Wesils," " that on onr 
sboreB algie geaarally occupy loues in tbo follawing order, beginning 
from deep water ; — F. JUum ; F. ncultnttu knd btUboitu ; F. (Ugilatui, mc- 
ckarinui, and lorau ,- F. MrriUtu and eritpai i F. nadoaui and vaiculomu ; 
F. tanaiiculeOtu ; and, last of all, F. p\/gmiB\u, whiob is satisfied If it be 
within reach of the spraj." 
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fissureB of the precipice*!, the ohseirer may eee a Tuiety of 
Jfiodomenia palmata, — the freeh-water dulse of the Moray 
Frith, — creeping upwards from the lower limitB of productioii, 
till just where the common gray balannB ceaseato grow. And 
there, short and thick, and of a bleached yellow hue, if ceases 
also ; but one of the commoner marine confervffii—the Con- 
ferva areta, blent with a dwarfed £nUromorphtt, — commen- 
cing a very little below where the dulse ends, and taking its 
place, clotbra oTer the ninnels with its covering of green for 
sereral feet higher : in some cnsra, where it is frequently wash- 
ed by the upward dash of the waves, it rises above even the 
flood-line ; and in some crevice of the rock beside it, oAen as 
low as its upper edge, we may detect stunted tuAs of the sea- 
pink or of the scurry-grass. But while there lb thus a vege- 
tation intermediate in plats between the land and the sea, we 
hnd, as if it had been selected purposely to confound the trans- 
mutation theory, that it is in so degree intermediate in cha- 
racter. For, while it is chiefly marine weeds of the lower di- 
vision of the confervsc that creep upwards from the sea to meet 
the vegetation of the land, it is chiefly terrestrial plants of the 
higher division of the dicotyledons that creep downwards from 
the land to meet the vegetation of the sea. The salt-worts, 
the glass-worts, the arenaria, the thrift, and the scurvy-grass, 
are all dicotyledonous plants. Nature draivs a deeply-marked 
line of division where the requirements of the tranemutative 
hypothesis would demand the nicely graduated softness of a 
shaded one ; and, addressing the strongly marked floras on 
either hand, even more sternly than the waves themselves, de- 
mands that to a certain definite bourne should they come, and 
no farther. 

But in what form, it may be asked, or with what limita- 
tions, ought the Christian controversialist to avail himseUI in 
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this question, of the experience argument ? Much ought to 
depend, 1 really, on the position taken up by the opposite side. 
We find no direct reference made by the author of the " Ves- 
tiges" to the anti'miraicle argument, first broached by Hume, 
in a purely metaphysical shape, in his well-known " Inquiry," 
and afi»w»d8 thrown into the algebrtuc fijrm by La Place, in 
his EttM PhUotophi^ae tur lea Probabililit ; but ne do de- 
tect its influences operative throughout the entire work. It is 
because of some Eelt impracticability on the part of its author, 
of attaining to the prevailing belief in the miracle of creation, 
that he has recourse, instead, to the 30-c«lied late of develop- 
ment. The law and the miracle are the alternatives placed 
before him ; and, rejecting the miracle, he closes with the laie. 
Now, in such circumstances, he can have no more cause of 
complaint, if, presenting bini with the eiperience argument of 
Hume and La Place, we demand that he square the evidence 
regarding the existence of his laie strictly according to its re- 
quirements, than the soldier of an army that charged its field- 
pieces with rusty nails would have cause of complaint if he 
found himself wounded by a missile of a similar kind, sent 
agaiust him by the artillery of the raemy. You cannot, it 
might be tairly said, in addressing him, acquiesce in the mi- 
racle here, because, as a violation of the laws of nature, there 
are certain objections, founded on invariable experience, which 
bear direct against your belief in it. Well, here are the ob- 
jections, in the strongest form in which they have yet been 
stated ; and here is your hypotbesis respecting the develop- 
ment of marine algfe into torestrial plants. Wc hold that 
against that hypothesis the objections bear at least as directly 
as against any miracle whatever, — nay, that not only is it con- 
trary to an iuvariable experience, but opposed also to all testi- 
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monj. We regard it as a mere idle dream. Maillet dreamed 
it, — and Lamarclc dreamed it, — and Oken dreamed it ; but 
none of them did more than merely dream it : its existence 
rests on exactly the same basis of evidence as that of Whang 
the miller'a " monstrous pot of gold and diamonds," of which 
he dreamed three nights in succession, but which he never 
succeeded in finding. If we are in error in our estimate, here 
is the ailment, and here the hypotheslB : give us, in support 
of the hypothesis, the amount of evidence, founded on a solid 
experience, which the argument demands. 

But to leave the experience argument in exactly the state in 
which it was left by Hume and La Place, would be doing no 
real justice to our subject. It is in that state quite sufficient 
to establish the feet, that there can be no real escape from be- 
lief in ael* of ovation never witnessed by man, to procaiet of 
development never witnessed by man ; seeing that a presumed 
Imr beyond the cognizance of experience must be as certainly 
rejected, on the principle of the argument, as a presumed tai-^ 
raele beyond that cognizance. It places the presumed laK 
and the presumed miracle on exactly the same level. But 
there is a palpable flaw in the anti-miracle argument. It does 
not prove that miracles may not have taken place, but that mi- 
racles, whether they have taken place or no, are w>t to be cre- 
dited, and this simply because they are miracles, t. e. violations 
of the established laws of nature. And if it he possible for 
events to take place which man, on certain principles, is im- 
peratively required not to credit, these principles must of 
course serve merely to establish a discrepancy between the ac- 
tual »U^ of things, and what is to be believed regarding it. 
And thus, instead of serving purposes of truth, they are made 
to subserve purposes of error ; for the existence of truth in the 
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mind ia neither more nor less than the exbtence of certain 
conceptions and belief, adequately representative of what ac- 
tually w, or what really hw taken place. 

I cannot better illustrate this direct tendency of the anti- 
mirade argument to destroy truth in the mind, by bringing 
the mental beliefs into a state of non-conformity with the pos- 
sible and actual, tban by a quotation from La Place himself: 
— " We would not," he says, " give credit to a man who would 
afl5rm that he saw a hundred dice thrown iato the air, and 
that they all fell on the same faces. If we had ounielTes been 
spectators of such an event, we would not believe our own 
eyes till we had scrupulously examined all the circumstances, 
and assured ourselves that there was no trick or deception. 
After such an examination, we would not hesitate to admit it, 
notwithstanding its great improbability : and no one would 
have recourse to an inversion of the laws of vision in order to 
account for it," Now, here is the principle broadly laid down, 
that it is impossible to communicate by the evidence of testi- 
mony, belief in an event which might happen, and which, if 
it happened, ovght on certain conditions to be credited. No 
one knew better than I^a Place himseli^ that the po»nbilitT/ of 
the event which he instanced could be represented with the 
utmost esactitbde by figures. Tbe probability in throwing a 
single die, that the ace will be presented on its upper &ce, is 
as one in six, — six being the entire number of sides which the 
cube can possibly present, and the side with the ace being one 
of these ; the probabili^ that in throwing a pair of dice the 
aces of both will be at once presented on their upper &ceB, is 
as one in thirty-six, as against the one-sixth chance of the ace 
being presented by the one, there are also ws. chances that the 
ace of the other should not concur with it , — and in throwing 
three dice, the probability that their three aces should be at 
# 
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once presented is, of course, on the same principle, as one in 
six times thirtj-six, oi, in other words, as one in two hundred 
and sixteen. And thus, in ascotaining the exact d^ree of 
probability of the hundred acee at once turning up, we have 
to go on multiplying by six, for each die we add to the num- 
ber, the product of the immediatety-previous calculation. Un- 
(juestionably, the number of chances (t^HUt, thus balanced 
with the single chance /or, would be very great ; but its ex- 
istence as a definite number would eatabli^, with all tbe force 
of withmetical denwnstration, the pottibility of the event ; 
and if an eternity were to be devoted to the throwing into the 
air of the hundred dice, it would occur an infinite number of 
timet. And yet tbe principle of Hume and La Place forms, 
when adopted, an impassable gulf between this possibility and 
human belief. The possibility might be embodied, as we see, 
in an actual occurrence,— an occurrence witnessed by hun- 
dreds; and yet the anti-miracle ailment, as illustrated by 
La Place, would cut off alt communication r^ai^ing it be- 
tween these hundreds of witnesses, however unexceptionable 
their character as such, and the rest of mankind. Tbe prin- 
ciple, instead of ^ving us a right rule through which the be- 
iiets in the mind are to be rendered correspondent with the 
reality of things, goes merely to establish a certain imperfec- 
tion of transmisMon from one mind to another, in. consequence 
of which, realities in fact, if very extraordinary ones, could not 
possibly be received as objects of belief, nor the mental appre- 
ciation of things be rend«^ adequately concurrent with the 
state in which the things really existed. 

Nor is the case different when, for a pomibilil^ which die 
arithmetician can represent by figures, we substitute the mi- 
racle proper. Neither Hume nor La Place ever attempted to 
show that miracles could not take place ; they merely directed 
% 
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tbeir argament against a bdief in them. The wildest sceptic 
most admit, if in anj degree a reasonable man, that there may 
exist a God, and that that God may have girea laws to na- 
ture. "So demotutratuin of the non-existence of a Great First 
Cause has been ever jet attempted, nor, until the knowledge 
of some sceptic estends orer all space, ever can be rationally 
attempted. Merelj to doultt the tact of God's existence, and 
to give reasons for the doubt, must till tbeii form the highest 
acbieTements of scepticism. And the God who may thus 
exist, and who may have given laws to nature, may also have 
revealed himself to man, and, in order to secure man's reason- 
able belief in the reality of the revelation, may have tempo- 
rarily suspended in its operation some great natural law, and 
have thus shown himself to he its Author and Master. Such 
seema to he the philosophy of miracles ; which are thus evi- 
dently notonly not impossibilities, but even not improbabUitie», 
Even were we to permit the sceptic himself to (is the numbers 
representative of those several mayg in the case, which I have 
just repeated, the chances against them, so to speak, would be 
less by many thousand limes than the chances against the hun- 
dred dice of La Place's illustration all turning up aces. The 
existence of a Great First Cause is at least as probable, — the 
sceptic himself being judge in the matter, — as the non-exist- 
ence of a Great First Cause ; and" so the probability in this 
first st^e of the atgament, instead of being, as in the case of 
the single die, only one to sir, is as one to one. Again, — in 
accordance with an expectation so general among the human 
&mily as to form one of the great instincts of our nature, — an 
instinct to which every form of religion, true or false, bears 
evidence, — it is in no degree less probable that this God should 
have revealed himself to man, than that he should not have 
revealed himself to man ; and here the chances are again as 
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one to one, — not, as m the second stage of the calculatioit on 
the dice, as one to thirtj-rii. Nor, in the third and last stage, 
is it less probable that God, in revealing himself to man, should 
have given miraculous eTidenee of the truth of the revelation, 
so that man " might believe in Him for bis work's sake," than 
that He should not hare done so ; and here yet agwn the 
chances are as one to one, — not as one to two hundred and 
sixteen. No rational sceptic could fix the chances lower; 
nay, no rational sceptic, bo far as the exittenee of a Great First 
Cause is concerned, would be inclined to fix them so low : 
and yet it is in order to annihilate all belief in a possibility 
against which the chances are so feiv as to be represented — 
scepticism itself being the actuary in the case — by three units, 
that Hume and La Place have fiamed their argument. Mi- 
racles may hare taken place, — the probabilities against them, 
stated in their most extreme and exaggerated form, are by no 
means many or strong ; but we are nevertheless not to beUeve 
that they did take place, simply because miracles they were. 
Now, the effect of the establishment of a principle such as 
this would be simply, I repeat, the destruction of the abihty 
of transmitting certain belie&, however well founded originally, 
from one set or generation of men to another. These belief 
the first set or generation might, on La Place's own principles, 
be compelled to entertain. Hie evidence of the senses, how- 
ever wonderful the event which they certified, is not, he him- 
self tells us, to be resisted. But the conviction which, on one 
set of principles, these men were on no account to resist, the 
men that came immediately after them were, on quite another 
set of principles, on no account to entert^. And thus the 
anti-miracle argument, instead of leading, as all true philo- 
sophy ought, to an exact correspondence between the realities 
of things and the convictions received by the mind regarding 
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them, palpablj forms a bar to the reception of belief, adequate 
to the possibilities of actual occurrence or event, and so con- 
stitutes an imperfection or flaw in the mental economy, instead 
of working an improvement. And in accordance witb this 
view, we find that in the economy of minds of the very high- 
est order this imperfection or flaw has had no place. Locke 
studied and wrote upon the subject of miracles proper, and 
exhibited in his " Discourse" all the profundity of bis extra- 
ordinary mind ; and yet Locke was a believer. Newton studied 
and wrote on the subject of miracles of another kind, — those 
of prophecy; and he also, as shown by his " Observationa on 
the Prophecies of Daniel and the Apocalypse," was a believer. 
Butler studied and wrote on the subject of miracles, chiefly in 
connectioD with " Miraculous Revelation ;" and he also was a 
believer. Chalmers studied and wrote on the subject of mi- 
racles in his " Evidences," afl:er Hume, La Place, and Playfair 
had all promulgated their peculiar views r«f;arding it ; and he 
also was a believer. And in none of the truly distinguished 
mea of the present day, though all intimately acquainted with 
the anti-miracle argument, is this flaw or imperfection found 
to exist : os the contrary, they all hold, as becomes the philo- 
sophic intellect and character, that whatever is possible may I 
occur, and that whatever occurs ought, on the proper evidence, ' 
to be believed. 

But though the experience argument is of no real force, and, 
as shown by the belief of the higher order of minds, of no 
real efiect, when brought to bear against miracles supported 
by the proper testimony, if u of great force and effect when 
brought to bear, not against miracle*, but against some pre- 
sumed law. It is experience, and experience only, that deter- 
mines what is or is not law ; and it is law, and law only, that 
constitntes the subject-matter of ordinary experience. Gxpe- 
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rience, in detennining what is really miracle, does so aimpEv 
through its poBitive knowledge of law : by knowing law, it 
knows also what would be a violation of it. And so miracle 
cannot possibly foim the gabject-matter of experience in the 
sense of Hume. F<a did mintcle constitnte the subject-mat- 
ter of experience, the law of which the miracle was a violation 
eottld not; most emphaticaUy, in this case, were there ** do 
law" there could be "no transgresuon ;" and so experience 
would be unable to recognise, not only the existence of the 
law transgressed, but also of the miracle, in its character as 
such, which was a tran^ression of ^e taw. We determine 
Irom experience that there exists a certain fixed law, known 
among men as the law of graritation ; and that, in conse- 
quence of this law, if a human creature attempt standing upon 
the sea, he will sink into it ; or if he attempt rising from the 
earth into the heavens, he will remain fixed to the spot on 
which the attempt is made. Such, in these cases, would be 
the direct efiecis of this gravitation law ; and any presumed 
law antagonistic in its character could not be other than a law 
contrary to that invariable experience by which the existence 
of the real law in the case is determined. But certain it is, — 
tor the evidence regarding the facts cannot be resisted, and by 
the greater minds has not been resisted, — that a man did once 
walk upon the sea without sinking into it, and did once ascend 
from the earth into the sky ; and these miracles ought not to 
be tested — and by earnest inquirers after tmth really never 
have been tested — by any experience of the uniformity of the 
Jaw of which they were professed transgressions, seeing it was 
essentially and obviously necessary that, in order to serve the 
great moral purpose which Ood intended by them, the law 
which they violated should have been a uniform law, and that 
they should have been palpable violations of it. But while 
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the experience argument is thus of no value when direeted 
against well-attested miracle, it is, as I have said, all-potent 
when directed against presumed law. Of law we know no- 
thing, I repeat, except what experience tells us. A miracle 
contrary to experience in the seuse of Hume is simpljr a mi- 
racle ; a presumed law contrary to experience is no law at all. 
For it is from experience, and experience only, that we know 
anything of natural law. The argument of Home and La 
Place is perfect, as such, when directed against the develop- 
ment visions of the Lamarckian. 
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THE DEVELOPMENT HYPOTHESIS IN ITS 
EMBRYOTIC STATE 



OLDER THAN ITS ALLEGED FODNDATIONS. 



When Miullet first promulgated his fajpothesie, many of the 
departments of natural historj existed as mere regions of fable 
and romance ; and, in addresung himself to the Mtueadint of 
Paris, in a popular work as wild and amusing as a taiiy tale, 
he could safely take the liberty, and he did take it very freely, 
of exaggerating the marrellona, and adding fresh fictions to 
the untrae. And in preparing them for his theory of the 
metamorphoses of a marine into a terrestrial vegetation, he set 
himself^ in accordance with his general character, to show that 
really the transmutation did not amount to much. " I know 
you have resided a long time," his Indian philosopher is made 
to say, " at Marseilles. Now, you can bear me witness, that 
the fishermen there daily find in their nets, and among th«r 
fish, plants of a hundred kinds, with their fruits still upon 
them ; and though these fruits are not so large and so well 
nourished as those of our earth, yet the species of these plants 
is in no other respect dubious. They there find clusters of 
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white and black grapes, peach-trees, pear-trees, pnme-trees, 
apple-treea, and all sorts of flowers. When in that city, I saw, 
in the cabinet of a curious gentleman, a prodigious number of 
those sea-productiona of different qualities, espedallj of rose- 
treos, which had their roses very red when they came out of 
the sea. I was there presented with a clust«r of black sea- 
grates. It was at the time of the vintage, and there were two 
grapes perfectly ripe." 

Now, all this, and much more of the same natnie, addressed 
to the Parisians of the reign of Louis the Fifteenth, passed, I- 
doubt not, wonderfully well ; but it will not do now, when 
almost every young girl, whether in town or country, is a bo- 
tanist, and works on the algfe have become popular. Since 
Maillet wrote, Hume promulgated his ai^ument on Miracles, 
and La Place his doctrine of Probabilities. There can be no 
doubt that these have exerted a wholesome influence on the 
laws of eTideuce ; and by these laws, as restricted and amend- 
ed, — laws to which, both in science and religion, we ourselves 
conform, — we insist on trying the Lamarcldan hypothesis, and 
in condemning it, — should it be found to hare neither stand- 
ing in experience nor support from testimony, — as a mere 
feverish dream, incoherent in its parts and baseless in its 
fabric. Give, we ask, but one well-attested instance of trans- 
mutation &om the algs to even the lower forms of terrestrial ve- 
getation common on our sea-coasts, and we will keep the ques- 
tion open, in expectation of more. It will not do to tell us, — 
as Cuvier was told, when be appealed to the fact, determined 
by the mummy birds, and reptiles of Egypt, of the fixity of 
species in all, even the slightest particulars, for at least three 
thousand jeats, — that immensely extended periods of time are 
necessary to effect specific changes, and that human observa- 
tion has not been qiread over a period sufficiently ample to 



T,Google 



858 THE DEVEIX)PMENT MTP0THESI8 

furniah the teqoired data regarding them. The apology- is 
amflj a coofeanon that, in these agea of the severe inductive 
philowphj, JOB have been dreaming yonr dream, cut oB, as 
if b; the Hate of sleep, bom all the tangibilities of the .real 
waking-day world, and that you hare not a vestige of teed- 
rnony with which to support your ingenious vagaiiet. . 

But tw another account do we refuse to sustain the exinise. 
It is not true that human observation haa not been spread 
over a period sufficiently extended to fiiniiali the necessary 
data for testing the development hypothesis. In one special 
walk, — that which bears on the supposed transmutation of 
algffi into teiTCstrial plants, — human observation hat been 
spread over what is sbictly analogous to >nillion» of years. 
For extent of space in this matter is exactly correspondent 
with duration of time. No man, in this lat« period of the 
world's history, attains to the age of £ve hundred years ; and 
as some of our larger E^lish oaks have been known to in- 
crease in bulk of trunk and extent of bough for five centuries 
togB&&, no man can possibly have seen the same huge oak 
pass, according to Cowper, through its various stages of " tree- 
rfiip,"— 

" First a leedliiiE, bid In grass ; 
Thea twig; tlien sapling; and as eeatur; rolls 
Slow after ceatorj, a giant bulk. 
Of girth enormous, with mosa-GQahioned root 
UpbeaTod above the soil, aud sides embosaed 
With prominent wens globose." 

But though no man lives throughout five hundred years of 
time, he can trace, by passing in some (^ the Kn^ish fiirests 
through five hundred yards of space, the hittory of the oak in 
all its stages of ^wth, as correctly as if be did five through- 
out the five hundred years. Oaks, in the space of a few hun- 
dred yards, may be seen in every stage of growth, &>m the 
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newly burst acorn, that presents to the light its two fleahy 
lobes, witli the fint tender radiments of a leaflet between, up 
to the giant of the forest, in the hollow of whose tnink the 
red deer may shelter, and find ample room for the Iwoad spread 
of his antlets. The foet of the derelopment of the oak, from 
the minute two-lobed seedling of a week's git/wth up to the 
gigantic tree of five centuries, is as capable of being demon- 
strated by obserration spread over five hundred yards of space, 
as by observMion spread over five hundred yeais of time. 
And be it remembered, that the sea-coasts of the world are 
several hundred thousand miles in extent. Europe is by &r 
the smallest of the earth's four large divisions, and it is bound- 
ed, in proportion to its size, by a greater extent of land than 
any of the others. And yet the sea-coasts of Europe alone, 
including those of its islands, exceed twenty-five thousand 
miles. We have results before us, in this extent of space, 
identical with those of many hundred thousand years of time ; 
and if terrestrial plants were as certainly developments of the 
low plants of the sea as the huge oak is a development of the 
immature seedling just sprung from the acorn, so vast a stretch 
of sea-coast could not foil to present us with the intermediate 
vegetation in all its stages. But the sea-coasis foil to exhibit 
even a vestige of the intermediate vegetation. Experience 
spread over an extent of space analogous to millions of years 
of time, does not furnish, in this department, a single foot cor- 
roborative of the development theory, but, on the contrary, 
many hundreds of focts that bear directly against it. 

The author of the " Vestiges" is evidently a practised and 
tasteful writer, and his work abounds in ingenious combina- 
tiims of thought ; but those powers of abstract reflection on 
whose vigorous exercise the origiuadon of argument depends, 
nattue seems to have denied him. There are two thmgs in 
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especial which bis work wants, — oriffinal obiermtlwi and ab- 
itraet thought, — the power of M«n^ for himself and of reat(m- 
M^ fbi himself ; and what we find instead is simplj a nvid 
appreciation of the imagei of things, as these images exist in 
other minds, an^ a Tigorous perception of the rarious shades 
of resemblance which obtain among them. There is a large 
amount of analogical power exhibited ; but that basis of truth 
which correct observation can alone fiimisb, and that abili^ 
of nioelj distinguishing differences bj which the fkculty of 
discerning similaritj must be for ever regulated and gOTerned, 
are wanting, in what, in a mind of fine general texture and 
quality, must be regarded as an extraordinary d^;ree. And 
hence an ingenious but very unsolid work, — full of im^es 
transferred, not from the scientific field, but from the field of 
tcientijic fnind, and charged with glittering but vague resem- 
blances, stamped in the mint of fancy ; which, were they to 
be used as mere counters in some light literary game of story- 
telling or character-sketching, would be in no respect out of 
place, but which, when passed current as the proper coin of 
philosophic argument, are really frauds on the popular under- 
standing. There aie, however, not a few instances in the 
" Vestiges" and its " Sequel," in which that defect of reflec- 
tive power to which I refer rather enhances than diminishes 
the difficulty of reply, by presenting to the controversialist 
mere intangible clouds with which to grapple ; that yet, 
through the existmce of a certfun superstition in the popular 
mind, as predisposed to accept as true whatever takes the form 
of science, as its predecessor the old superstition was inclined 
a century ago to reject science itself, are at least suited to blind 
and bewilder. Of this kind of difficulty, the following pas- 
sage, in which the author of the work cashiers the Creator as 
such, and substitutes, instead, a mere animal-manufacturing 
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piece of clock-work, which hears the name o 
fumiahea us with a remarkable instance. 



* We are supplied with a enriouB example of that ever-returning c^ela 
of gpscnlation in which the hnman mind operates, by not only the intro- 
dnctlon o[ the princ^U of Epicumi into the " Teatlgfes," but also by the 
nncansciona employment of even hie lery argwmenu, eliglitly modified by 
the floating; gemi-edentific notioDS of the time. The following poas^es, 
taken, the one from the modern work, the other ^m Feaelon's life of 
the old Qraet philosopher, are not unworthy of being studied, aa cnriona- 
ly illoBtratiie of the cycle of ttougit. Epicurus, I mast, however, first 
remind the reader, in the worda of his biographer, " auppoaed tbot men, 
and all other animals, were originally produced by the groaad. Accord- 
ing to him. the primitive earth was fat and nitrous ; and the anu, gro- 
daally warming it, soon covered It with herbage and Bhmba : there alao 
began to oriae-on the aurfaee of the ground a great number of small 

rity, the eliln bnrat, and there came forth little animals, which, gradually 
retiriag from the place where they were prodnced, began to respire." 
And there can be little doubt that, had the microEcope been a diecovery 
of early Greece, the paasage here would have told na, not of mushroom- 
like tumours, but of monads. Save that the element of microscopic fact 
ia awantingin the one and present ia the other, the follovriug ore atrlctly 
parallel lines of argument:- 

" To the natural objection that " In the first place, there la no 
the earth does not now produce reason to suppose that, though life 
men, lions, and doga, Epicurus re- had been imparted byuatural meana, 
piles that the fecundity of the earth after the first cooling of the surface 
Is now ezhanated. In advanced age to a suitable temperament, It would 
a woman ceases to bear children; a continue thereafter to be capable of 
piece of land never before cultivated beingimpartedin likenianner. The 
produces much more during the few great wort of the peopling of this 
first years than it does afterwards ; globe with living species is m^nly 
and when a forest ia once cnt down, a fact oceompliahed: the highest 
the soil never produces trees equal tnown species came as a crowning 
to those which have been rooted up. effort thousands of years ago. The 
Those which are afterwards plant- wori being thus to all appearance 
ed become dwarfish, and are per- finiebed, we are not neeesaarlly to 
petually degenerating. We are, expect that the origination of life 
however, be arguea, by no means and of spedea should be eonspicn- 
oertaia but there may be at preaent onely ciempllfied in the present 
rabbita, hares, foies, bears, and day. We are rather to expect that 
other animals, produced by the the vital phenomena presented to 
earth in their perfect state. The our eyes should mainly, If not en- 



T,Google 



862 THE DEVELOPMENT HypOTUESIS 

" AdmitdDg," he remarks, " that we see not now any such 
fact as tlie production of new species, we at least know, that 
while Buch &ct8 were occurring upon earth, there were asso' 
dated phenomena in prepress of a character perfectly ordi- 
nary. For example, when the earth receired its first fishes, 
sandstone and limestone were forming in the manner exem- 
plified a few years a^ in the ingenious experiments of Sir 
James Hall ; basaltic columns rose for the future wonder of 
man, according to the principle which Dr Gregory Watt 
showed in operation before the eyes of our &thNS ; and hol- 
lows in the igneous rocks were filled with crystals, precisely as 
they could now be by virtue of electric action, as shown with- 
in the last fow years by Crosse and Becquerel- The seas 
obeyed the impulse of gentle breezes, and rippled their sandy 
bottoms, as seas of the present day are doing ; the trees grew 
as now, by foTour of mm and wind, thriring in good seasons 
and pining in bad : this while the animals abore fishes were 
yet to be created. The movements of the sea, the meteorolo- 
gical agencies, the dit^Htsition which we see in the generality 
of plants to thrive when heat and moisture were most abun- 



reaflon vbj we &re backw&rd in imI- tirelj, be liiait«d to a regular sod 
mitting it Is, that It happens In re- DQTUTlng snecesuoD of races by 
Ured places, and neier falls under the ordinary means of genenitlOD. 
our Tiev ; and, nerer seeing rata This, boireTer, Is no mare an argu- 
bat aueb as haie been produced by ment against a time when pheno- 
ptber rats, we adapt the opinion mena ot the first kind preialled, 
that the earth never produced any." than itwoaldbe a proof ogainBttbe 
(Fenelon'i Lku of the Aitcml PhOo- fact of a mature man hating once 
Kphm.) been a growing jonth, thai be is 

now seen growing no longer. * 
• • Seoondly,ltis far from being 
certain that the primitiie impart- 
ing of life and form ta ioorganic 

( ViMCigei 0/ OnatiiM.) 
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dant, nere kept up in eileat serenity, as mattera of simplj na- 
tural order, throoghout die whole of the agea which saw rep- 
tiles enter in their rarious fonns upon the sea and land. It 
was aboat the time of the first mammals that the forest of the 
Dirt-Bed was sinking in natural ruin amidst the sea sludge, 
as forests of the Plantagenets have been doing for Bereral cen- 
turies upon the coast of England. In short, aU tie eommon 
operatiotu of the phytiaU Korld were going on in their utual 
gitnplicitff, obeffivg that order which vie still tee goeeming 
them, while the supposed extraordinary causes were in re- 
qoisittoa for the development of the animal mid vegetable 
kingdoms. There surely hence aiises a sb-ong presumption 
against any such causes. It becomes much more likely that 
die latter phenomena were evolved in the mamier of law also, 
and that we only dream of extraordinary causes here, as men 
once dreamt of a special action of Deity in every change of 
wind and the results of each s^son, merely because they did 
not know the laws by whidi the events in question were 
evolved." 

How, let us suppose, would David Hume, — the greatest 
thinker of which infidelity can boast, — have greeted the auxi- 
hary who could have brought him such aa ailment as a con- 
tribution to the cause? " Your objection, so iar as you have 
stated it," the philosopher might have said, *' amounts ramply 
to this : — Creation by direct act is a miracle ; whereas all 
that eiiats is propagaied and maintained by natural law. Na- 
tural laws — to vary the illustration — were in fiiH operation at 
the period when the Author of the Christian religion was, it 
is said, engaged in working his miracles. When, according 
to our opponents, he walked upon the surfece of the sea, Peter, 
through the operation of the natural law of gravitation, was 
sinking into it : when he withered, by a word, the barren fig- 
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tree, there were other trees on the Monnt tJuiTing in confoiv 
nutj with the vegetatire lawa, onder the influence of son and 
shower : when he nused the dead Lazaroa, there were corpses 
in the neighbouring tombe passing, (hrongh the natural pntie- 
&clive fermoitalion, into a Mate of ntter decomposition : in 
fine, at the time when he wag engaged, as Beid and Camp- 
bell believe, in working miracles in violation of law, the laws 
of which these were a riolation actually existed, and were 
everprhere actively operative ; or, to employ jour own words, 
when the New Testament miracles were, it is allied, in the 
act of being wrought, ' all the common Dperations of the phy- 
sical world were going on in their usual simpUcity, obeying 
that order which we sdll see governing them.' Such is the 
portion of your statnnent already made ; what next V " It is 
surely very unlikely," repUes the aaxiUoij, " that in such a 
complex mass of phenomena there should have been two 
totally distinct modes of the exercbe of the Divine power, — 
the mode hj miracle and the mode by law." " Unlikely !" 
rejoins the philosopher ; " on what grounds ?" " 0, just w«- 
likely' says the auxiliary , — " unlikely that God should be at 
once operating on matter through the agency of natural laws, 
of which man know* mwth, and through the agedcy of mira- 
culous acts, of the nature of which man knovet nothii^. But 
I have not thought out the subject any farther : you have, in 
the statement already made, my entire argument." " Ay, I 
see," the author of the " Kssay on Miracles' would probably 
have remarked ; " you deem it unlikely that Deity should not 
only work in part, as he has always done, by means of which 
m«n — clever fellows like you and me — think they know a 
great deal, but that he should also work in part, ai h» hat 
alwayt don«, by means of which they know nothing at all. 
Admirably reasoned outl You are, I make no doubt, a 
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sound, zealous imbelieTer in your private capacitj, aai yow 
argument may hare great weight with, yoni own misd, and 
he, in consequence, worthy of encoui^ement in a small way; 
but allow me to Buggest that, for the sake of the general 
cause, it should be kept out of reach of the enemy. There 
are in the Churches Militant on both sides of the Tweed 
shrewd combataats, who hare nearly as much wit as our- 
selves." I think I understand the reference of the author of 
the " Vestiges" to the dream " of a special action of Deity in 
erery change of wind and the results of each season." Taken 
with what immediately goes bef«»e, it means something con- 
siderably different from those ^ucies of the '^ untutored In- 
dian," who, according to the poet, 

"Seea Qod in cloadg, or h«arH him In the wind." 

There is a school of infidelity, tolerably well known in the 
capital of Scotland as by far the most superficial which oiir 
country has yet seen, that measures mind with a tape-line and 
the callipers, and, albeit not Christian, laudably exemplifies, 
in a loudly expressed regard fbr science, the Christian grace of 
loving its enemy. And the belief in a special PioTidence, 
who watches over and orders all things, and without whose 
permission there felleth not even a " sparrow to the ground," 
the apostles of this school set wholly ande, substituting, in- 
stead, a belief in the indiscriminadng operation of natural 
laws ; as if, with the broad fact before them that even man 
can work out bis will merely by knowing and directing these 
laws, the God by whom they were institnlcd should lack 
either the power or the wisdom to make them the pliant mi- 
nisters of ^u. It is, I fear, to the distinctive tenet in the creed 
of this hapless school that the author of the " Veatigea" refers. 
Nor is it in the least surprising; that a writer who labours 
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throtigli two careftilly witttai Tolnnm,* to destroy the exist- 
ing belief in "■ Ood's woila of GraatiMi," should a^ct to hold 
that the beUef in his " works of Pn>Tidenee" had been de- 
stroyed already- But &ith in a special saperintendeace at 
D«^ is not yet dead : nay, more, He who created the human 
mind took especial caie, in its oonatmction, that, save in a 
few defectiTe ^tecimens of the race, the belief should nerer 

The author of the " Vestiges" complains of the illiberality 
with which he has been treated. It has ^ipeared to T&rious 
critics," we find him saying, " that reay sacred principles are 
tlmatened by a doctrine of unirersal law. A natural origin of 
life, and a natural bads in o^;anization for the opoations of 
the human mind, speak to them of fatalism and materialism. 
And, strange to say, those who every day give views ofjAyn- 
eal eotmoffony altogether discrepaat in appearance with that 
of Moses, apply hard names to my book fi>r sii^esting as or< 
ffonk ccmtogony in the same way, liable to inconsiderate odium. 
1 must firmly protest against this mode of meeting specula- 
tions regarding nature. The object of my book, whatever 
may be said of the manner in which it is treated, is puiely 
scientific. The views which I give of the history of organi' 
zation stand exactly on tlie same ground upon which the geo- 
logic^ doctrines stood fifty years ago. I am merely endea- 
Touring to read ari^t another chapter of the mystic book 
which God has placed under the attention of his creatures. 
. . . The absence of all liberality in ray reviewers is strik- 
ing, and especially bo in those whose geological doctrines have 
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exposed tfaem to siinilar miscoiiBtruction. If the men newly 
emerged (rom the odium which was thrown upon Newton's 
theory of the planetary motions, had rushed forward to turn 
that odium upon the patrons of the dawning science of Geo- 
logy, they would have been prefigunag the conduct of several 
of my critics, themselves hardly escaped from the rode hands 
of the narrow-minded, yet eager to join that rabble against a 
new and equally unfriended stranger, as if such were the best 
means of purchasing impunity for themselves. I trait that a 
little time will enable the puhlie to penetrate thit policy." 

Now, there is one very important point to which the author 
of this complaint does not seem to have adverted. The as- 
tronomer founded his belief in the mobiUty of the earth and 
the immobihty of the sun, not on a mere dream-Uke hypothe- 
sis, founded on nothing, but on a wide and solid base of piire 
induction. GaUIeo was no mere dreuner; — ^he was a dis- 
coverer of great truths, and a profound reasoner regarding 
them : and on his discoveries and his reasonings, compelled 
by the inexorable laws of his mental constitution, did he build 
up certain deductive belieft, which had no previous existence 
in his mind. His convictions were consequents, not ante- 
cedents. Such, ahio, is the character of geological discovery 
and inference, and of the existing belief, — their joint produc- 
tion, — regarding the great antiquity of (he globe. No geolo- 
gist worthy of the name heffOM with the belief, and then set 
himself to square geol<^cal phenomena with its requirements. 
It is a deduction, — a result ; — not the starting assumption, or 
given sum, in a process of calculation, but its ultimate finding 
or answer. Cleigymen of the orthodox Churches, such as the 
Sumnere, 8edgwicks, Bucklands, Conybeares, and Pye Smiths 
of England, or the Chalmerses, Duncans, and Flemings of our 
own country, must have come to the study of this question of 
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the world's age with at least no bias in &Tour of the geologi- 
cal eatimate. The old, and, as it has proven, erroneoiis read- 
ing of the Hosiuc account, was by much too general a one 
early in the present century, not to bare exerted npon them, 
in their character as ministers of religion, a sensible inflaence 
of a directly opposite nature. And the fact of the complete 
rerersal of their original bias, and of the broad nnhedtating 
finding on the lubject which they ultimately substituted in- 
stead, serres to intimate to the uninitiated the strength of the 
evidence to which they submitted. Tkere can be nothing 
more certain than that it is minds of the same calibre and 
class, engaged in the same inductive track, that yielded in the 
first instance to the astronomical evidence r^;arding the earth's 
motion, and, in the second, to the geological evidence regard- 
ing the earth's age." 



■ Tb« chapter Id which this puuge ocean origlnallT appeared, wltb 
HTsral of tbe atban. Id the Witntit naw-spaper, in a aerieB of articleg en- 
titled " Rarablei or > Oeolaglst," and drew forth the following letter 
from a coTreapondent of the StottbS Pttti, the organ of a ponerful and 
thoronghlT respectable lecUon of the old Diiseaters of Scotland. I pre- 
sent it (e the reader merel; to show, that If, according Co the aathor of 
the "Vestiges," geolOEista aeialled the deielopmoDt bTpothesiB in the 
fond hope of " parehaaing iiapanitf for themielTea," the; wonld Boceeed 
in BecDringoDlT disappointment for their pains: — 



" lb the Editor of the Stottiih I\va. 

" Sni, — I oetMionallT obssrve arUcles in jonr neighbonr and contem- 
porary the ITttAta, characteristically headed ' Rambles of a Geologist,' 
wharetn the writer with great zeal once more ' sIsts tbe sMn ' hereeies of 
the'Testigesof Creatioa.' This writer (of the ' Rambles,' I mean), netei^ 
tbelMB, and at the same time, annoancos his owu teneta to be macb of 
the Mune sort as applied to mere dead raatter, that (hose of the 'Vestiges' 
are with regard to lliing organisms. He malnttdne (hat the world, dar- 
ing the laat million ofjearB, has been of itself rising or doTeloplag, wltii- 
oat the interposltloD of a miracle, from chaos into Its present state; and 
of donrse, u it is still, ss a wor!d, confessedlT far below the acme of pb;- 
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But how very different the nature and history of the de- 
velopment hypothedB, and the character of the intellects with 
whom it oiiginated, or by whom it has been since adopted ! 



Blcal perfection, that It must ba just now on Its pasuge, ■elf-progresslng, 
towards tbat point, which terminus It may reacli la snotlier milliOD ot 
years henee [! ! !] lliie author ot the ' Veatigei,' as quoted by the author 
of tbe ' Rambles,' in the last number of the Witnea, comptaine that tbe 
latter and bis allies are not at all so liberal to bim aa, from their present 
drcnmstances and posltJon, he had a right to eipect. He (the author 
of the ' VesUges ') rembde bis opponents that they themseWes only lately 
etne^ed from the antiquated scriptnral notions tbat our world was the 
direct and almost Immediate construction of its Creator, — as much so, in 
fact, as any of its organized tenants, — and thatlt was then created in a state 
of phyaital eicellence the highest possible to render it a suitabU habita- 
tion for these tenants, and all this only about sli or seien thousand years 
ago, — to tbe new light of their preseat phytko-Lamarclaan Tiewa ; and be 
asks, and certainly not without reason, why should Ihete men, so circum- 
sbuiced, be so aniiona to st«p bim In Ms attempt to mote one step far- 
ther forward in the Tery directJon they tbemselxeH have made the last 
mare? — that is, in Ms endeaiour to extend thdr own principles of aelf- 
deielopment flrom mere matter to lirlng creatures. Now, Sir, I confess 
myself to be one of those (and possibly you may ha»e more readers simi- 
larly constituted) who not only cannot see any gi'eat difference between 
merely pSyn«ti and or^anit development [! !] but who would be inclined 
to allow tbe latter, absurd as it is, the adiantage in point of liketi- 
hood [!!!] The author of the 'Rambles,' howeier, in tbe face of this, as- 
Bures us that hit liews of physical self-deielopment and long chronology 
belong to the inductile sciences. Now, I could at this stage of his 
rambles bate wished lery much tbat,.jnstead of merely laying so, he had 
glTen bis detnomlrafion. He refers, Indeed, to several great m^n, who, he 
says, are of his opiniona. Most tbat these men haTe written on the qnes- 

some of them, I know, bad not full j made up their mind on the point [J ! !] 
Perhaps tbe author of tbe ' Rambles ' could favour us with the inductive 
process tbat converted himself; and, as the attainment of truth, and not 
victory, ia my object, I promise either to acquiesce in or rationally refute 
it[?] Till then I hold by my antiquated tenets, that our world, nay, the 



ago, and that In a state of physics 


eicelleuce of which we have in our 


present fallen world only the ' vesti 


es of creation.' I conclude by men- 


tioning that this view I have held n 


w for nearly thirty years, and, amidst 



T,Google 



In the first place, 
any being as a » 
ijuent,— a starting 



the iDterTal refsired 
now exploded, nebul 
phyneai divhfmmt 
thaC TUBIB BOOT (t 

8KY[;!!]-i™,Sir, 



I am afnUd there 
aloutlf b; his notlooi 
period, he his been 
Chalmers, Book land, 
for the demnutraiion 
to refer him to the i 
preBslona of England 
that he Is one of s 
rather bj the operatk 

havt the lawg of mat 



calibre who succeed 
poor ^lent predecesm 

Seottuh Pna merelf 
as pOBSeBsing "the a 



iV«H, tbe organ of tht 
man. He has since p 
ohieflT remarkable foi 
worthy of a better eau 



T,Googlt 



OLDBft THAN ITS ALLEGED FOUNDATIONS. 271 

tend that Kaillet was a geologist. Qeoli^ had do place 
among the sciences in the ^e in which he lived, and even no 
name. And yet there is a translatioit of his Telliamed now 



liinuelf. Descantiag, in hie Keai SyiUm of Otology, on the lariouB Forms 
of trilobitoj, ammonitea, boUmnita*, Sc. Dasn Coctbnrn saja,— 

" TbeM ereaturoa appear to baia poBBOBBed the power of seoreting froin 
the BtODe beneath them a limj coiering for their backB, and, perhaps, fed 
partly on thu same solid material. Suppoiing, now, that the first tri- 
lobites were destrojed bj the Llandeilo Slales, Bome spawn of the»e orea- 

into existence. These moU«)u[l!] then, having a better material from 
wbiuh to extract their food and covering, wonld probably expand in a 
slightly different form, and with a more extensile mantle than what be- 
longed to the parent species. The same would be still more the case with 
a new generation, fed upon a new deposit from some deeper volcano, skich 
as the Caradoc or Wenlock Limestone, in which lime more and more pre- 
dominates. Now, if any one will examine the lariooe prints of trtlobites 
in Sir R. Mnrohlson's lolnable wort, he will find bnt very trifling differ- 
ences In any of them [! !] and those differences only in the atony covering 
of their backs. I knew two brothers once mnch alike ; the one became a 
curate with a large family; the other a London alderman. If the slcins 
nf these two paehydermala had been preserved In a fossil stAte, there 
wonld have been less resemblance between them than belweep an oik- 
phm tyntimai and an asi^Aui caudatiu. ■ ■ * A careful and labo- 
rious iaTestigation has discovered, an in the trllobltes, a difference ia the 
ammonites of different strata; but such differences, as in the former case, 
exist only in the form of the external shell, and may be explained In the 
same manner [! :] • • • As to the acaphites, baonUtes, belemDites, 
and all the other ilea which learned ingenuity has so named, yon find them 
m variooB strata the same in alL important parUcnlars, but also differing 
slightly in their outward coverings, as might be expected from the differ- 
ent eiretunBtanoea in which each variety was placed [! !] The sheep in the 
warm valleya of Andalusia have a fine covering like to hair ; bnt remove 
them to a northern climate, and in a few generationa the back is covered 
with shaggy wool. The animal is the same, — the covering only is chang- 
ed. •■ ■ The learned have classed those ahelU under the names of 
terebratnla, ortbis, atrypha, peeten, Ac They are all much alike [111] 
It requires an oiperisneed eye to distinguish them one from another: 
what little differences have been pointed out may readily be ascribed, as 
before, to difference of sitaatlaD"[! ! !J 

The aathor of the " VesUges," with this, tba fundamental portion of hie 
case, granted to him by the Dean, will have exceedingly little difficulty 
in making out the rest for himaelf. The passage ia, however, not with- 
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lying before me, beanog date 1750, in wbich I find veij near- 
ly the same account given of the origin of tuiimala and plants 
a> that in the " Yestigeg," and in which the sea is deacnbed 
OS that great and fruitful womb of nature in whicli organiza- 
tion and life first began. Lamarck, at the time when Maillet 
wrote, was a boy in his sixth year. He became, comparatiTe- 
ly early in life, a skilful botanist and conchologist ; but not 
until turned of fifty did he set himself to study general zoology ; 
and his greater work on the inTertebrate animals, mi which his 
feme as a naturalist chiefly rests, did not %rtn to appear, — for 
it was published serially, — until the year 1815. But this de- 
velopment hypothesis, identical with that of the " Vestiges," 
was given to the world long before, — in 1 802 ; at a time when 
it had not been ascert^ed that there existed placoids during 
the Silurian period, or ganoids durii^ the Old Red Sandstone 
period, or enaliosaurs during the Oolitic period ; and when, 
though Smith had constmcted his "Tabular View of the Bri- 
tish Strata," his map had not yet appeared, and there was little 
more known regarding the laws of superposition among the, 
stratified rocks than vias to be found in the writings of Wer- 
ner. J^nd if the presumption be strong, in the circumstances, 
that Lamarck originated his development hypothesis ere he 
became in any very great degree skilfiil as a zoologist, it is no 
mere presumption, but a demonstrable truth, tiiat he orijpnated 
it ere he became a geologist ; for a geologist be never became. 
In common with Maillet and Bu&bn, he held by Leibnitz's 
theory of a universal ocean ; and such, as we have already 
seen, was his ignorance of fossils, that he erected dermal &ag- 

oat Its yalue, as iUuBtrsdie of the darkaesa, in mattOTs of physical scianee, 
" sTea daiknesB whlcb ma; be felt," that Is suffered to linger, In thf« the 
most Bcientific of agBM, In the Cbocch at Buckluid, Sedgwick, ud Oon;- 
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ments of the Busdan AtUrolepu into a new geniig of Poly- 
paria, — an error into which the merest tyro in palfeontology 
could not now fall. Such, in relation to these sciences, was 
the man who perfected the dream of development. Nor has 
the moat distinguished of its continental assertors now living, 
— Professor Oken, — any higher claim to be r^arded as a dis- 
ciple of the inductive school of Geology than Lamarck. In 
the preface to the recently-published translation of his " Phy- 
sio-Philosophy," we find the following curious confession ; — 
"I wrote the first edition of 1810 in a kind of inipiraUortf 
and on that account it was not so well arranged as a syste- 
matic work ought to be. Now, though this may appear to 
have been amended in the second and third editions, yet still 
it was not possible for me to completely attain the object held 
in view. The book has therefore remained essentially the 
same as regards Its fundamental principles. It is only the em- 
pirical arrangement into series of plants and animals that has 
been modified from time to time, in accordance v>ith the scien- 
tific deeation of lAeir several d^artmenU, or ju»t a» diieoMrisi 
and anatomieal investigationi have increaied, and rendered »onu 
other pontion of the objecti a matter of necesnty." An interest- 
ing piece of evidence this ; but certainly rather simple as a 
confession. It will be found that while whatever gives value 
to the " Physio-Philosophy" of the German Professor (a work 
which, if divested of all the inspired bits, would be really a 
good one), was acquired either before or since its first appear- 
ance in the ordinaiy way, its development hypothesis came di- 
rect from the god. Further, as I have abeady had occasion 
to state, Oken holds, like Lamarck and Maillet, by the uni- 
versal ocean of Leibnitz : he holds also, that the globe is a vast 
crystal, just a Uttte flawed in the facets ; and that the three 
granitic components,— quartz, feldspar, and mica, — are simply 
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tbe hml-dropa of heavy stone showen that shot athwart the 
original ocean, and accumulated into rock: at the bottom, as 
anon or hail shoots athwart the upper atmosphere, and ac- 
cumulates, in the form of ice, on the sufflmits of high hills, or 
in the arctic or antarctic regions. Such, in the present day, 
are the geohigical notions i^ Okea 1 They were doubtless all 
promulgated in what is nuMlestly enough termed " a Und of 
inspiration ;" and there are few now so ignorant of Qeology as 
not to know that the pouemng agent in the case, — for in»pi- 
ratum is not quite the proper word, — must have been at least 
of kin to that ingenious personage who volunteered of old to 
l>e a lying spirit in the mouths of the four hundred prophets. 
And the well-known fact, that the most popular contemporary 
expounder of Oken'a hypothesis, — the author of the " Ves- 
tiges," — has in every edition of his work been correcting, modi- 
fying, or altogether withdrawing his statements regarding both 
geolc^cal aad zoological phenomena, and that his gradual de- 
velopment as a geologist and zoologist, from the sufficiently 
low type of acquirement to whidi his first edition bore witness, 
may be traced, in consequence, with a distinctn^ and cer- 
tainty which we in vain seek in the cases of presumed develop- 
ment which he would so bin establish, — has in its bearing es- 
actly the some effect. His development hypothesis was com- 
plet« at a time when his geology and zoolt^ were nidimental 
and imperfect. Give me your facts, said the Frenchman, that 
1 may accommodate them to my theory. And no one can 
look at the progress of the Lamarckian hypothens, with refe- 
rence to the dates when, and the men by whom, it was promul- 
gated, without recognising in it one of, pwhaps the most strik- 
ing embodiments of the Frenchman's principle which the world 
ever saw. It is not the illiberal religionist that rejects and 
casts it off, — it is the inductive philosopher. Science addresses 
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its aasertors in the language of tlie posaesaed to the boiu of 
Scera the Jew: — "The aatronomer I know, and the geologist 
1 know ; but who are je ?" 

One of the stntngest paasages in the " Sequel to the Ves- 
tiges," is that in which its author carries his appeal from the 
tribunal of science b) "another tribunal," indicated but not 
named, before which " thb new philosophy" Qiemarkable 
chiefly fi>r being neither philosophy nor new^ " is to be truly 
and righteously judged." The principle is ohvioua, on which, 
were his oppoaents mere tbeolt^ans, wholly unable, though 
they saw the mischieTous character and tendency of his con- 
cluuons, to disprove them scientifically, he might appeal from 
theol<^ to science : " it is with scientific truth," he might 
uige, " not with moral consequences, that I hare aught to do." 
But on what allowable principle, professing, as he does, to 
found his tiieory on scientific lact, can he appeal from science 
to the want of it ? " After discussing," he says, " the whole 
arguments on both sides in so ample a manner, it may be 
hardly necessary to advert to the objection arising from the 
mere tact, that nearly all the scientific men are opposed to the 
theory of the ' Vestiges.' As this objection, howerer, is likely 
to be of some avail with many minds, it ought not to be en- 
tiiely passed over. If I did not think there were reasons, in- 
dependent of judgment, for the scientific class coming so ge- 
nerally to this conclusion, 1 might feel the more embarrassed 
in presenting myself in direct opposition to so many men pos- 
sessing talents and information. As the case really stands, the 
ability of this class to give at the present a true response upon 
such a subject appears extremely challengeable. It is no dis- 
credit to them that they are, almost without exception, en- 
g^ed each in his own little department of science, and able 
to give little or no attention to other parts of that vast field. 



D,g,l,7?<lT,GOOglC 



276 APPEAL FROM SCIENCE 

From ^ear to year, and from age to age, we see tbem at yroA, 
adding, no doubt, much to the known, and advancing man; 
important interests, bat at the same time doing little for the 
establishment of comprehensive views of nature. Experimeuts 
in however narrow a walk, facts of whatever minuteness, make 
reputations in scientific societies : all beyond is regwded with 
suspicion and distrust. The consequence is, tliat philosophy, 
as it exists amongst us, does nothing to raise its votaries above 
the common ideas of their time. There can therefore be no- 
thing more conclusive against our hypothesis in the disfavour 
of tbe scientific class, than in that of any other section of eda- 
cated men." 

This is surely a very strai^ statement. Waiving alto* 
gether the general fact, that great original discoverers in any 
department of knowledge are never men of one science or one 
faculty, but possess, on the contrary, breadth of mind and mul- 
tiplicity of acquirement; — waiving, too, the partieular foct, 
that the more distinguisbed original discoverers of the present 
day rank among at once its most philosophic, most elegant, 
and most extensively informed writers ; — granting, for the ar- 
gument's sake, that oui scientific men are men of narrow ac- 
quirement, and " exclusively engaged, each in his own little 
department of science ;" — it is surely rational to hold, not- 
witlistanding, that in at least these little departments they have 
a better right to be heard than anyotherclassof persons what- 
ever. We must surely not refiise to the man of science what 
we at once grant to the common mechanic. A cotton-weaver 
or calico-printer may be a very narrow man, " exclusively en- 
gE^ed in his own Utfle department ;'" and yet certain it is that, 
in a question of cotton-weaving or of calico-printing, hia evi- 
dence is justly deemed more conclusive in courts of law than 
that of any other man, however much his superior in general 
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breadth and intelligeace. And liad the author of the " Ves- 
tiges" founded his hypothesui on certfun fects pert^ning to the 
arts of cotton-weaving and CAlico-printing, the cotton-weaver 
(md calico-printer would have an indiBputable right to be heard 
on the queatian of their general correctness. Are we to r^ard 
the case as different because it is an &cts pertaining to science, 
not to ootton-weaving or calico-printing, that he professes to 
found ? His hypothesis, unless supported by scientific evi- 
dence, is a mere dream, — a fiction as baseless and wild as any 
in the " Faiiy Tales" or the *' Arabian Nights." And, fully 
sensible of the fact, he calls in as witnesses the physical 
sciences, and professes to take down their evidence. He calb 
iato court Astronomy, Geology, Fhytology, and Zoology. 
" Hold !" exclaims the astronomer, as the examination goes 
on; "you are taking the evidence of my special science most 
unfairly: I challenge a right of cross-examining the witness." 
" Hold !" cries the geologist ; " you are putting my science 
to the question, and extorting from it, in its agony, a whole 
series of fictions : I claim the right of examining it fiiirly and 
softly, and getting from it just the sober truth, and nothii^ 
more." And the ptytobgist and zoologist utge exactly similar 
claims. " No, gentlemen," replies the author of the " Ves- 
tiges;" *' you are narrow men, confined each of you to his own 
little department ; (md so 1 will not permit you to cross-exa- 
mine the witnesses." " What !" rejoin the men of science, 
"not permit us to examine our own witnesses! — refuse to us 
what you would at once concede to the cotton-weaver or the 
calico-printer, were the question one of cotton-wearing or of 
calico-prijiting ! We are surely not much narrower men thim. 
the man of cotton or the man of calico. It is but in our own 
little departments that we ask to be heard." " But you shall 
not be heard, gentlemen," says the author of the " Vestiges ;" 
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" at all events, I aball not care oae &rthing fi>r anything joa 

say. For obserre, gentlemen, my hypothesis is nothing nith- 

t evidence of your sciences ; and yon all unite, I see, in 

' that evidence from me ; and so I confidently raise my 

in this matter to people who know nothing about rither 
' yooT sciences. It must be before another tribunal that 
;w philosophy is to he truly and righteously judged." 

what can this mean ? or where are we to seek for that 
al of last resort to which this ingenious man refers with 
wnfidence the consideration of his case? Can it mean, 
e appeals from the only class of persons qualified to judge 
facts, to a class ignorant of these, but disposed by babils 
rious scepticism to acquiesce in his conclusions, and take 
emises ibr granted ; — that he appeals from astronomers 
iologists to low-minded materialists and shallow pbreno- 
— from phytologists and zoologists to mesmerists and 
>-mesmerists ? 

member being much struck, several years ago, by a re- 
dropped in conversation by the late Rev. Mr Stewart of 
>rty, one of the most originat-tninded men I ever knew, 
eading in my Greek New Testament this morning," he 
' I was curiously impressed by a thought which, simple 
nay seem, never occurred to me before. The portion 

I pemsed was in the First Epistle of Peter; and as I 
: from the thinking of the passage to the langut^ in 

it is expressed, 'This Greek of the untaught Galilean 
nan,' I said, ' so admired by scholars and critics for its 
cted dignity and force, was not acquired, as that of Paul 
lave been, in the ordinary way, but formed a portion of 
^tecostal gift ! Here, then, immediately under my eye, 
ese pages, are there embodied, not, as in many other 
of the Scriptures, the meje detail* of a miracle, but the 
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direct rendu of a miracle. How strange ! Had the old tables 
of stoae been placed before me, with what an awe-struck feel- 
ing would I haTe looked on the characters traced upon them 
bj God's own finger 1 How is it that I hare fiuled to remem- 
ber that, in the language of these Epistlee, miraculously im- 
pressed by the Divine power upon the mind, I possessed as 
significant and suggestiTe a relic as that which the inscnption 
miraculously impressed by the DiTine power upon the stone 
could possibly have fiimished V " It was a striking thought ; 
and in the course of our walk, which led us over richly fossili- 
ferous beds of the Old Red Sandstone, to a deposit of the 
Eathie Lias, largely charged with the characteristic remwis of 
that formation, I ventured to connect it with another. " In 
either case," I remarked, as we seated ourselTes bewde a sea- 
cliff, sculptured over with the impressions of extinct plants 
and shells, "your relics, whether of the Pentecostal Greek or 
of the characters inscribed on the old tables of stone, could 
address themselres to but previously existing belie£ The 
sceptic would see in the Sinaitic characters, were they placed 
beibre him, merely the work of an ordinary tool ; and in the 
Greek of Peter and John, a well-known language, acquired, 
he would hold, in the common way. But what say you to the 
relics that stand out in such bold relief from the rocks beside 
us, in tknr character as the results of miracle ? The perished 
tribes and races which they represent all began to exist. There 
is no truth which science can more conclusively demonstrate 
than that they had all a b^inning. The inhdel who, in this 
late ^e of the world, would attempt &lling back on the fiction 
of an ' infinite series,' would be laughed to scorn. They all 
b^an to be. But how ? No true geologist holds by the de- 
velopment hypothesis ; — it has been resigned to sciolists and 
smatterers ;— and there is but one other alternative. They 
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b^an to be, thr&iyh the miracle of creation. From the evi- 
dence furnished by these rocks we are shut down either to the 
belief io miracU, or to the belief in something else infinitely 
harder of reception, and as thoroughlj' unsupported hj tesd- 
m<my as it is contrarf to experience. Hume is at length 
answered by the serere truths of the stony science. He was 
not, according to Job, ' in league with the stones of the field," 
and they have risen in irresistible wariaie ^;ainst him in the 
Creator's behalf." 
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"FINAL CAUSES.— THEIR BEARING ON 
GEOLOGIC HISTORY. 



CONCLUSION. 



" Natural History has a principle on which to reason," aays 
Curier, " which is peculiar to it, and which it employs adran- 
tageouslj on many occasions : it is that of the conditiont of 
exutence, commonly lermtd^nal caitae»." 

In Geology, which is Natural History extended over all 
ages, this principle has a still wider scope, — embracing not 
merely the characteristics and condidons of the beings which 
now exist, but of all, so Sax as we can learn regarding them, 
which have erer existed, — and inrolTing the consideration of 
not merely their peculiarities as races placed before us without 
relation to time, but also of the history of their rise, increase, 
decline, and extinction. In studying the biography, if I may 
so express myself, of an individual animal, we have to ac- 
quaint ourselves with the circumstances in which nature has 
placed It, — its adaptation to these, both in structure and in- 
stinct, — ^the points of resemblance which it presents to the in- 
dividuals of other races and families, — and the laws which 
determine its terms of development, vigorous existence, and 
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decay. And all Natural History, wben restricted to the pass- 
ing NOW of the world's annals, is simply a congeries of biogra- 
phies. It is when we extend our riew into the geological 
field that it passes &om Hography into Aittory ptvper, and that 
we hare to rise irom the consideration of the birtt and death 
of individuals, which, in all mere biographies, form the great 
terminal events that constitute beginnlag and end, to a survey 
of the birth and death of races and the elevation or d^;rada- 
tion of dynasties and sub-kingdoms. 

We learn from human history that nations are as certtunly 
mortal as men. They enjoy a greatly longer term of exist- 
ence, but they die at last : RoUin's History of Ancient Na- 
tions is a histoiy of the dead. And we are taught by geolo- 
gical history, in like manner, that «jri«vt«s are as mortal as indi- 
viduals and nations, and that even genera and iamilies become 
extinct There is no tnan upon earth at the present moment 
whose age greatly exceeds an hundred years; — there is so 
nation now upon earth (if we perhaps except the long-lived 
Chinese) that also flourished three thousand yeare ago ; — there 
is no species now living upon earth that dates beyond the times 
of the Tertiary deposits. All bear the stamp of death, — indi- 
viduals, — nations, — species ; and we may scarce less safely pre- 
dicate, looking upon the past, that it is appointed for nations 
and species to die, than that it " is appointed for man once to 
die." Even our own species, as now constituted, — with in- 
stincts that conform to the original injunction, " increase and 
multiply," and that, in consequence, " marry and are given in 
marriage," — shall one day cease to exist ; a fact not less in ac- 
cordance with belieft inseparable from the faith of the Chris- 
tian, than with the widely founded experience of the geolo- 
gist. Now, it is scarce possible for the human mind to be- 
come acquainted with the fact, that at certain periods species 
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b^;an to exist, and then, after the lapse of UQtold ages, ceased 
to he, without enquiring whether, from the "conditions of ex- 
istence, commonly termed final canses," we cannot deduce a 
reason for their rise or decline, or why their term of being 
should hare been included rather in one certain period of time 
than another. The same faculty which finds employment in 
tracing to their causes the rise and fall of nations, and which 
it is the merit of the philosophic historian judiciously to exer- 
cise, will to a certainty seek employment in this department of 
history also; and that there will be an appetency for such 
speculadons in the pubUc mind, we may infer from the suc- 
cess, as a literary undertaking, of the " Vestiges of Creation," 
— a work that bears the same sort of relation in this special 
field to sober inquiry, founded on the true conditions of things, 
that the legends of the old chroniclers bore to authentic his- 
tory. The progressive state of geologic science has hitherto 
miUtated against the fin-mation of theory of the soberer cha- 
racter. Its foots — still merely in the forming — are necessarily 
imperfect in their classification, and limited in their amount ; 
and thus the essential data continues incomplete. Besides, 
the men best acquainted with the basis of &ct which already 
exists hare quite enough to engage them in adding to it. But 
there are limits to the field of palceontological discovery, in its 
relation to what may be termed the chronology of organized 
existence, which, judging from the prioress of the science in 
the past, may be well nigh reached in &voured localities, such 
as the British islands, in about a quarter of a century fixim the 
present time; and then, I doubt not, geological history, in 
Intimate conformity with the laws of mind, and from the 
existence of the pregnant principle peculiar, according to Cu- 
vier, to that science of which Geology is simply an extension, 
will assume a very extraordinary form. We cannot yet aspire 
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*< to the height of this great orgoment ;" our fonndatioiia are 
in porta still imconsdidated and incomplete, and unfitted to 
sustain the perfect supentmcture iriuch shall one day aaaured- 
If rise upon them ; bat from the little which ire can now see, 
" BB if in a ^aas darklj," enough appears from which to 



The histoiy of the four great monarchies of the world was 
typified, in the prophetic dream of the ancient Babylonish 
long, hj a coloasal image, " terrible in its form and biight- 
itesB," of which the " head was pure gold," the " breast and 
arms nlTer," the " belly and thighs of brass," and the legs and 
leet " of inm, and of iron mingled with clay." The vision in 
which it formed the central object was appropriately that of a 
puissant monarch ; and the image itself typified the merely 
human monarchies of the earth. It would require a widely 
difierent figure to symbolize the great monarchies of creation. 
And yet Revelation does fiunish such a figure. It is that 
which was witnessed by the captire prophet beside the " iiTer 
Chehar," when "the heaTens were opened, and he saw Tisions 
of God." Id that chariot of Dei^, glowing in fire and amber, 
with its complex wheels " so high that they were dreadful,'' 
set round about with ejes, there were living creatures, of whose 
four faces three were brute and one human ; and high over all 
sat the Son of Man. It would almost seem as i^ in this 
sublime virion, — in which, with features distinct enough to 
impress Qie imagination, there mingle the elements of an 
awiul incomprehensibility, and which even the genius of Baf- 
fitelle has Jailed adequately to portray, — the history of all the 
past and of all the future had been symbolized. In the order 
of Providence intimated in the geologic record, the brute feces, 
as in the vision, outnumber the human ; — the humaa dynasty 
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Is one, and tbe dynasties of the inferior animalB are three : 
and jet who can doubt that they all equally compose parts of 
a well-ordered and perfect whole, as the four feces formed but 
one cherubim ; that they have been moving onward to a de- 
finite goal, in the unity of one grand harmonious design, — now 
"lifted up high" over the comprehension of earth, — now let 
down to its humble level ; and that the Creator of all has been 
ever seated over them on the throne of his providence, — a 
*' likeness in the appearance of a man," — embodying the per- 
fection of his nature in his workings, and determining the end 
from the beginning ? 

There is geologic evidence, as has been shown, that in the 
course of creation the higher orders succeeded the lower. We 
have no good reason to believe that the mollusc and crusta- 
cean preceded the fish, seeing that discovery, in its slow course, 
has already traced the vertebrata in the ichthyic form, down 
to deposits which only a few years ago were regarded as repre- 
sentative of the first beginnings of organized existence on our 
planet, and that it has at the same time failed to add a lower 
system to that in which their remains occur. But the fish 
seems most certainly to have preceded the reptile and the 
bird ; the reptile and the bird to have preceded the niammife- 
rous quadruped ; and the mammiferous quadruped to have 
preceded man, — rational, accountable man, whom God create 
ed in his own image, — the much-loved Benjamin of the feraily, 
— last-bom of all creatures. It is of itself an extraordinary 
fact, without reference to other considerations, that the order 
adopted by Cuvier, in his animal kingdom, as that in which 
the four great classes of vertebrate animals, when marshalled 
according to their rank and standing, naturally range, should 
be also that in which they occur in order of time. The hraia 
which beats an average proportion to the spinal cord of not 
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more than two to one came fiist, — it U tbe brain of Hie fish ; 
th&t nhich bears to the spinal cord an arerage proportion ol 
two and a half to one succeeded it, — it is the brain of the rep- 
tile ; then came the brain averaging as three to one, — it is that 
of the bird ; next in sucoession came the brun that areragee 
as four to one, — it is that of the mammal ; aad last of all there 
appeared a brain that averagea as twenty- three to one, — rea- 
soning, calculating man had come upon the scene. All the 
&ott of geological science are hostile to the Lamarcldaa con- 
clusion, that the lower brains were developed into the hi^er. 
As if with the express iiit«ntion of preventing so gross a mis- 
reading of the record, we find, in at least two claases of ani- 
mals, — fishes and reptiles, — the higher races placed at tbe be- 
ginning: the slope of the inclined plane is laid, if one maj ao 
speak, in the reverse way, and, instead of rising towards the 
level of tbe succeeding class, inclines downwards, with at least 
tbe effect, if not the de«gn, of making the break where they 
meet exceedingly well marked and conspicuous. And yet the 
record does seem to speak of derelopment and proffrettion ; 
— not, however, in the province of organized existence, but in 
that of insensate matter, subject to tbe purely chemical laws. 
It is in the style and character of the dwilUn^-place that gra- 
dual improvement seems to have taken place, — not in the 
functions or the rank of any class of its inhabitants ; and it is 
with special r^reuce to this gradual improvement in our com- 
mon mansion-bouse the earth, in its bearing on the " condi- 
tions of existence," that not a few of our reasonings regarding 
the introduction and extinction of species and genera must 
pnxieed. 

That definite period at which man was introduced upon tbe 
scene seems to have been Bpedally determined by tbe condi- 
tions of correspondence which the phenomena of bis habitation 



T,Google 



ON GEOLOGIC HISTORY. 287 

had at length come to assume witt the predestined conatitu- 
tion of liis mind. The large reasoning brain if ould hare been 
wholly out of place in the earlier agea. It ia indubitably the 
nature of man to base the conclusiong which regulate all his 
actions on fixed phenomena i^-he reasons from cause to effec^ 
or from effect to catise ; and when placed in circmnstances in 
which, from some lack of the necessaiy basis, he cannot so 
reason, he becomes a wretched, timid, superstitious creature, 
greatly more helpless and abject than even the inferior animals. 
This lubappj state is strikingly exemplified b; that deep and 
peculiar impression made on the mind by a severe earthquake, 
which Humboldt, from his own experience, so powerfully de- 
scribes. " This impression," he says, " is not, in my opinion, 
the result of a recollection of those fearful pictures of devasta- 
tion presented to our imc^ination by the historical narratives 
of the past, but is rather due to the sudden revelatioa of the 
delusive nature of the inherent &ith by which we had cinng 
to a belief in the immobility of the solid parts of the earth. 
We are accustomed from early childhood to draw a contrast 
between the mobility of water and the immobility of the soil 
on which we tread ; and this feeling is confinned by the evi- 
dence of our senses. When, therefore, we suddenly feel the 
ground move beneath us, a mysterious force, with which we 
were previously unacquainted, is revealed to us as an active 
disturber of stability. A moment destroys the illusion of a 
whole life ; our deceptive &ith in the repose of nature vanishes ; 
and we feel tranqiorted into a realm of unknown destructive 
forces. Every sound, — the faintest motion of the air, — arrests 
our attention, and we no longer trust the ground on which we 
stand. There is an idea conveyed to the mind, of some nni- 
versal and unlimited danger. We may flee from the crater of 
a volcano in active ^^ption, or from the dwelling whose de- 
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Btnictioo is thieataied hj the approacli of the lava stream ; 
but in an earthquake, direct onr flight whitherBoerer we will, 
we atill teel a« if we trod upon the rerj fcxnu of destracdon." 
Not leas striking ia the testimony of Di Tschudi, in his *' Tra- 
vels in Peru," r^farding this singular effect of earthquakes on 
the human mind. " No femiliarity with the phMiiMnenon 
can," he remarks, " blunt the feeling. The inhabitant of 
Lima, who from childhood has frequently witnessed these con- 
vnlsions of nature, is roused from his sleep bj the shock, and 
rushes from his apartment with the cry of ' MUerieordut ! ' 
The foreigner from the north of Europe, who knows nothing 
of earthquakes hut by description, waits with impatience to 
feel the moTcmenta of the earth, and longs to hear with his 
own ear the subterranean sounds, which he has hitherto con- 
ndered fiihulous. With levity he treats the apprehension of s 
coming convulsion, and langhs at the fears of the natives ; but 
as soon as his wish is gratified, he is terror-stricken, and is in- 
voluntarily prompted to seek safety in flight." 

Now, a partially consolidated planet, tempested by frequent 
earthquakes of such terrible potency, that those of the historic 
ages would be but mere ripples of the earth's sur&ce in com- 
parison, could be no proper home for a creature so constituted. 
The fish or reptile, — animals of a limited range of instinct, ex- 
ceedingly tenacious of lile in most of their varieties, oviparous, 
prolific, and whose youi^ immediately on their escape from 
the egg can provide for themselves, — m^ht enjoy esisteace in 
such circumstances, to the fiiU extent of their narrow capa- 
cities ; and when suddai death fell upon them, — though their 
remains, scattered over wide areas, continue to exhibit that 
distortion of posture incident to violent dissolntion, which 
seems to speak of terror and sufiering, — we may safely con- 
clude there was but little real suffering in the case : they were 
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happy up to a certain point, and unconscious for ever after. 
Fishes and reptiles were the proper inhabitants of our planet 
during the ages of the earth-tempests ; and when, under the 
operation of the chemic^ laws, these had become less frequent 
and terrible, the higher mammals were introduced. That pro- 
longed ages of these tempests did exist, and that thej gradual- 
ly settled down, until the state of things became at length com- 
paratively fixed and stable, few geologists will be disposed to 
deny. The evidence which supports this special theory of the 
development of oui planet in its capabilities as a scene of or- 
ganized and sentient being, seems palpable at eveiy step. Look 
first at these Grauwacke rocks ; and, after marking bow in one 
place the strata have been upturned on their edges for miles 
together, and how in another the Plutonic rock has risen molten 
from below, pass ou to the Old Red Sandstone, and examine 
its significant platforms of violent death, — its &ults, displace- 
ments, and dislocations ; see, next, in the Goal Measures, those 
evidences of sinking and ever-sinking strata, for thousands of 
feet together ; mark in the OoUte those vast overlying masses 
of trap, stretching athwart the landscape, far as the eye can 
reach ; observe carefully how the signs of convulsion and ca- 
tastrophe gradually lessen as we descend to the times of the 
Tertiary, though even in these ages of the mammiferous quad- 
ruped, the earth must have had its of)>'TeciuTing agae fits, of 
frightful intensity; and then, on closing the survey, consider 
how exceedingly partial and unfrequent these earth-tempests 
have become in the recent periods. Yes; we find everywhere 
marks of at once progression and identity, — of progress made, 
and yet identity maintained ; but it is in the habitation that 
we find them, — not in the inhabitants. There is a tract of 
country in Hindustan that contains nearly as many square 
miles as all Great Britain, covered to the depth of hundreds 
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of feet by one rut overflow of trap. A tract Bimilarly orer- 
flown, which exceeds in area all England, occurs in Sonthem 
Africa. The earth's auiiace is roughened with such, — mottled 
as thickly by the Plutonic maases as the skin of the leopard by 
its spots. The trap district which autrounds our Scottish me- 
tropolis, and imparts so imposing a character to its scenery, is 
too inconsiderable to be marked on geological maps of the 
world, that we yet see streaked and speckled with similar me- 
morials, though on an immensely raster scale, of the eruption 
and overflow which took place during the earthquake ages. 
What could man have done on the globe at a time when such 
outbursts were comparatively common occuirences ? What 
could he have done where Edinburgh now stands, during that 
overflow of trap porphyry of which the Pentland range forms 
but a fragment, or that outburst of greenstone of which but a 
portion remains in the dark ponderous coping of Salisbury 
Oraigs, or when the thick floor of rock on which the dty 
stands was broken up, like the ice of an arctic sea during 
a tempest in spring, and laid on edge from where it leans 
against the Castle Hill to beyond the quarries at Joppa ? The 
reasoning brain would have been wholly at fitult in a scene of 
things in which it could neither foresee the exterminating ca- 
lamity while yet distant, nor control it when it had come ; 
and so the reasoning brain was not produced until the scene 
had undergone a slow but thorough process of change, during 
which, at each progressive stage, it had furnished a platform 
for h^her and still higher life. When the coniierae could 
flourish on the land, and fishes subsist in the seas, fishes and 
cone-bearing plants were created ; when the earth became a fit 
habitat for reptiles and birds, reptiles and birds were produced; 
with the dawn of a more stable and mature state of things the 
sagacious quadruped was ushered in ; and, last of all, when 
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man's house was tiillj' prepared for him, — when the data on 
which it is his oature to reaaou and calculate had become fix- 
ed and certain, — the reasoning, calcnlatiiig brain was moulded 
by the creative finger, and man became a living soul. Such 
seems to be the trite reading of the wondrous inscription chisel- 
led deep in the rocks. It furnishes us with no clue by which 
to unravel the unapproachable mysteries of creation ; — these 
mysteries belong to the wondrous Creator, and to Him only. 
We attempt to theorize upon them, and to reduce them to law, 
and all nature rises up gainst us in our presumptuous rebel' 
lion. A stray splinter of cone-bearing wood, — a fish's skull or 
tAoth, — the vertebra of a reptile, — the humerus of a bird, — the 
jaw of a quadriiped, — all, any of these things, weak and in- 
significant as they may seem, become in such a quarrel too 
strong for us and our theory : the pimy fragment, in the grasp 
of truth, forms as irresistible a weapon as the dry bone did in 
that of Sampson of old ; and our slaughtered sophisms lie piled 
np, " heaps upon heaps," before it. 

There is no geological &ct nor revealed doctrine with which 
ihJM special scheme of development does not agree. To every 
truth, too, really such, tivm which the antagonist scheme de- 
rives its shadowy analogies, it leaves its full value. It has no 
quarrel with the fecta of even the " Vestiges," in their charac- 
ter as realities. There is certainly Bomethiog very extraordi- 
nary in that fcetal progress of the human brain on which the 
assertors of the development hypothesis have founded so much. 
Nature, in constructing this curious organ, first lays down a 
grooved cord, as the carpenter lays down the keel of his ves- 
sel ; and on this narrow base the perfect brain, as month afler 
month passes by, is gradually built up, like the vessel from the 
keel. First it grows up into a brain closely resembling that of 
a fish ; a few additions more convert it into a brain undistin- 
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guishable from that of & reptile ; a few adilitions more impart 
to it the perfect appearance of the brain of a bird ; it then de- 
Telopes into a brain exceedingly like that of a mammiierous 
qoadniped ; and, finally, expanding atop, and spreading out 
its deeply corrugated lobes, till they project widely over the 
base, it asaumea ita unique character as a human br^n. Radi- 
cally such from the iirat, it passes towards ita fuU development, 
through all the inferior ibrms, fri^m that of the fish upwards, 
— thus comprising, during its foetal progress, an epitome of 
geologic history, as if each man were in himself, not the mi- 
'Tocotm of the old iancifiil philosopher, but aomething greatly 
more wonderful, — a compendium of all animated nature, and 
of kin to every creature that lives. Hence the remark, that 
man is the sum total of all animals, — " the animal equivalent," 
says Oken, "to the whole animal kingdom." We. are perhaps 
too much in the habit of setting aside real facts, when they 
have been iirst seized upon by the infidel, and appropriated to 
the purposes of unbelief, as if they had suffered contamination 
in hia hands. We forget, like the brother " weak in the feith," 
instanced by the Apoatle, that they are in themselves "crea- 
tures of God ;" and too readily reject the leaaon which they 
teach, umply because they have been oflered in sacrifice to an 
idol. And this strange fact of the progress of the human brain 
is assuredly a fact none the less worth looking at from the cir- 
cumstance that infidelity has looked at it first. On no prin- 
ciple recognisable in right reason can it be urged in snpport of 
the development hypothesis ; — it is a fact of fmtal development, 
and of that only. But it would be well should it lead our me- 
taphysicians to enquire whether they have not been rendering 
their science too insulated and exclusive ; and whether the 
mind that works by a brain thus " fearfully and wonderfully 
made," ought not to be viewed rather in connection with all 
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animated nature, especially as we find nature exemplified in 
tlie Tarioua vertebral forms, than as a thing fundamentally ab- 
stract and distinct. Tlie brain built up of all the tjpea of 
brain, may be tlie oi^an of a mind compounded, if I may so 
express myself, of all the Tarieties of mind. It would be per- 
haps over &nciful to urge that it is the creature who has made 
himself free of all the elements, whose brain has been thus in 
succession that of all their proper denizens ; and that there is 
no animal instinct, the function of which cannot be illustrated 
by some art mastered by man : but there can be nothing over 
jauciful in the suggestion, founded on this &ct of foetal de- 
Telopment, that possibly some of the more obscure signs im- 
pressed upon the human character may be best read through 
the spectacles of natural science. The successive phases of the 
foetal br^ give at least fair warning that, in tracing to its first 
principles the moral and intellectual nature of man, what is 
properly his " natural history ' should not be overlooked. 
Oken, after describing the human creature in one passage as 
"equivalent to the whole animal kingdom," designates him 
in another as " Ood wholly manifested," and as " God beconie 
man ;" — a style of expression at which the English reader may 
start, as that of the " big mouth speaking blasphemy," but 
which has become exceedingly common among the rationalists 
of the Continent. The irreverent naturalist ought surely to 
have remembered, that the sum total of all the animals cannot 
be different in its nature from the various sums of which it is 
an a^regate, — seeing that no summation ever differs in qua- 
lity from the items summed up, which compose it, — and that, 
though it may amount in this case to man ihs animai, — to man, 
as he may be weighed, and measured, and subjected to the dis- 
secting knife, — it cannot possibly amount to God. Is Ood 
merely a sum total of birds and beasts, reptiles and fishes ? — a 
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mere Egyptian deity, composed of &ntaatic hiov^lyphics de- 
tived from the Ibrma of the bmte creation ? The impieties of 
the tnnscendentalist may, howerer, serve to illustrate that 
mode of seizing on terms which, as the moat sacred in the 
mesR^e of revelation, have been long coupled in the popular 
mind nith saving truths, and forcibly compelling them to bear 
some viBionaiJ and illusive meaning, nhoUy foreign to that 
with which they were originally invested, which has become 
BO remaikable a part of the policy of modem infidelity. Ra- 
tionalism has learned to sacrifice to Deity nith a certain mea- 
sure of conformity to the required pattern ; but it is a con- 
formity in appearance only, not in reality : the sacrifice always 
resembles that of Prometheus of old, who presented to Jupiter 
what, though it seemed to he an ox withont blemish, was 
merely an ox-skin stuffed full of bones and garbage. 4fE 

There is another very remarkable class of facts in geological 
history, which appear to fait as legitimately within the scope 
of argument founded on final causes, as those which bear on 
the appearance of man at his proper era. The period of the 
mammiferons quadrupeds seems, like the succeeding human 
period, to have been determined, as I have said, by the earth's 
fitness at the time as a place of habitation for creatures so 
formed. And the hulk to which, in the more extreme cases, 
they attained, appears to have been regulated, as in the h^[her 
mammals now, with reference to the force of gravity at the 
earth's surface. The Megatherium and the Mastodon, the 
Dinotherinm and the extinct elephant, increased in bulk, in 
obedience to the laws of the specific conatitntion imparted to 
them at their creation ; and thtse laws bore reference, in turn, 
to another law, — that law of gravity which determines that no 
creature which moves in air and treads the surface of the earth 
should exceed a certain weight or size. To very near the 
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limits assigned by this law some of the ancient quadrupeds 
arose. It is even doubtful whether the Diaotherium, the 
most gigantic of mammab, may not have been, like the ex- 
' isting sea-lions and morses, mainly an aquatic quadiuped ; — 
an inference grounded on the ciicmnstauce that, in at least 
portioiiB of its framework, it seems to hare risen beyond these 
limits. Now, it does not seem wonderful that, with apparent 
reference to the point at which the ^lavity of bodies at the 
earth's snr&ce bUectt the condidons of texture and matter ne- 
cessary to exbtence among the ssb-aerial vertebrata, the rep- 
tilei of the Secondary periods should have grown up in some 
of their species and genera to the extreme size. A world of 
trogs, newts, and lizards would hare borne stamped upon it the 
impress of a tame and miserable mediocrity, that would have 
harmonized ill with the extent of the earth's capabilities for 
supporting life on a large scale. There would be no principle 
of adaptation or rule of proportion maintained between an ani- 
mal kingdom composed of so contemptible a group of beings, 
and either the dynamic laws under which matter exists on our 
planet, or the luxuriant vegetation which it bore during the 
Secondary ages. And such was not the character of the group 
which composed the reptile dynasty. The Iguanodon must 
have beeu quite as tall as the elephant, — greatly longer, and, 
it would seem, at least as bulky. The Megaloeaurus must 
have at least equalled the rhinoceros ; the Hylieosaurus would 
have outweighed the hippopotamus. And when reptiles that 
rivalled in size our hugest mammals inhabited the land, other 
reptiles, — Ichtbyosaurs, Plesiosaurs, and Cetiosaurs, — scarce 
less bulky than the cetacefe the~nselves, possessed the sea. Not 
only vras the platform of being occupied in all its breadth, but 
also in all its height ; and it b according to our simpler and 
more obvious ideas of adaptation, — simple and obvious because 
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^eoned from the reiy snriace of the uiuTeise of life, — that 
such should hare been the case. But it does appear stnmge, 
because under the regulation, it would seem, of a principle of 
adaptation more occult, and, if I may so speak, more Provi- 
dential, that no sooner are the huge mammals introduced as a 
group, than, with but a few exceptions, the reptiles appear in 
greatlj diminished proportions. They no longer occupy the 
platform to its full extent of ieiffht. Even in tropical coun- 
tries, in which certain fiunilies of mammals still attain to the 
maximum size, the reptiles, if we except the crocodilean family, 
a few harmless turtles, and the d^raded boas and pythons, 
are a small and comparatirely unimportant race. Nay, the ex- 
isting giants of the class, — the crocodiles and boas, — ^hardly 
equal in bulk the third-rate reptiles of the ages of the Oolite 
and the Wealden. So far as can be seen, there is no reason 
deduceable from the nature of things, why the country that 
sustains a mammal bulky as the elephant, should not also sup- 
port a reptile huge as the Iguanodon j or why the Megalosau- 
rus, Hylteosaurus, and Dicynodon, might not have been con- 
temporary with the lion, tiger, and rhinoceros. The change 
which took place in the reptile group immediately on their de- 
thronement at the close of the Secondary period, seems scarce 
less strange than that sung by Milton : 

" Behold s wonder ! They but aow who seemed 
In bigness to surpass earth's giant sous, 
Now less than smallest dwarfs, in uarrow room 
Thronged numberless ; like that pjgmeui race 
Beyond the Indian mount ; or fairy elTee, 
Whose midnlgbt reiels, by a forest side 
Or fouDt^n, some belated peasant sees, 
Or dreams he sees, vbile, oierhead, the moon 
Sics arbitress, and nearer to the earth 
Wheels her pale course." 

But though we cannot assign a eaine for this general reduc- 
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don of the reptile class, save simply the will of the all-wise 
Creator, the reawn why it should hare taken place seems 
easily assignable. It was a bold saying of the old philosophic 
heathen, that " God is the soul of brutes ;" but writers on in- 
stinct in eyen our own times have said less warrantable things. 
God doei seem to do for many of the ioierior animals of the 
lower divisions, that, though devoid of bnun and vertebral co- 
lumn, are yet skilful chemists and accomplished architects and 
mathematicians, what he enables man, through the exercise of 
the reasoning &culty, to do for himself; and the ancient pfai- 
loeopher meant no more. And in clearing away the giants of 
the reptile dynasty, when their kingdom had passed away, 
and then re-introducing the class as much shrunken in their 
proportions as restricted in their domains, the Creator seems to 
have been doing for the mammals what man, in the character 
of a " mighty hunter before the Lord," does tor himself. There 
is in nature very little of what can be called war. The cities 
of this country cannot be said to be in a state of war, though 
their cattle-markets are thronged every week with animals for 
slaughter, and the butcher and fish-monger find their places of 
business thronged wilh customers. And such, in the main, is 
the condition of the animal world; — it cousiste of its two classes, 
— animals of prey, and the animals upon which they prey : its 
wars are simply those of the butcher and fisher, lightened by 
8 dash of the enjoyments of the sportsman. 

" The crealureB see of flood and flald, 
And tbou th&t travel on the vlad, 
With them no strife can last ; they ll»e 
In petwie and peace of mind." 

Generally speaking, the carnivorous mammalia respect one an- 
other : lion does not war with tiger, nor the leopard contend 
with the hyena. But the carnivorous reptiles manifest no such 
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respect for the caniiroroua mammalB. There are fierce oon- 
teats in their native jungles, on the banks of the Ganges, be- 
tween the gavial and the tiger ; and in the streaming forests of 
South America, the boa-coastrictor casts his terrible coil scarce 
less readilj round the puma than the antelope. A world 
which, after it had become a home of the hi^er herbiToroiis 
and more powerful canuToroua mammalB, continued to retain 
the gigantic reptiles of its earlier ages, would be a world of 
horrid, exterminating war, and altc^^etfaer rather a place of tor- 
ment than a scene of intermediate character, in which, though 
it sometimes re-echoes the groans of suffering nature, life is, in 
the m^n, enjoyment. And so, — save in a few exertional 
cases, that, white thej establish the rule as a fiict, serre also as 
a kej to unlock that principle of the Dirtne goremment (m 
which it appears to rest, — no sooner was the reptile remored 
from bis place in the fore-front of creation, and creatures of a 
higher order introduced into the consolidating and fast-tipeimig 
planet of which be had been so long the monarch, than his 
bulk shrank and his strength lessened, and he assumed a hu- 
mility of form and aspect at once in keeping with his reduced 
circumstances, and compatible with the general wel&re. But 
though the reaton of the reduction appears obTioos, I know 
not that it can be referred to any other eaute than simply the 
will of the All- Wise Creator. 

There hangs a mystery greatly more profound over the fact 
of the d^radation than over that of the reductwn and diminu- 
tion of classes. We can assign what at least teem» to be a suf- 
ficient reason why, when reptiles formed as a class the highest 
representatives of the verl^brata, they should be of imposing 
bulk and streDgth, aud altogether worthy of that post of pre- 
cedence which they then occupied among the animals. We 
can also assign a reason for the strange reduction which took 



T,Google 



ON GEOLOGIC HISTORY. 299 

place among them in strength and bulk immediately on their 
remoral ftom the first to the second place. But why not only 
redaction, hut also degradation f Why, as division started up 
in advance of division, — firat the reptiles in front of the fishes, 
then the quadrupedal mammals in front of the reptiles, and, 
last of all, man in front of the quadrupedal mammals, — should 
the supplanted classes, — two of them at least — fishes and rep- 
tiles — for there seem to hare heen no additions made to the 
mammals since man entered upon the scene, — why should 
they have become the receptacles of orders and femihes of a 
degraded character, which had no place among them in their 
monarchical state 1 The fishes removed beyond all analogy 
with the higher vertebrata, by their homocercal tails, — the 
fishes (Atxmthoptetygii and Swb-lraekiatij with their four 
limbs slung in a belt round their necks, — the flat fishes (Pleu- 
rontctidmj, that, in addition to this deformity, are so twisted 
to a side, that while the one eye occupies a single orbit in the 
middle of the skull, the other is thrust out to its edge, — the 
irregular fishes generally (sun-fishes, fixig-fishes, hippocampi, 
&c.)i — were not introdnced into the ichthyic division until after 
the full development of the reptile dynasty; nor did the hand 
that makes no slips in its working " form the crooked ser- 
pent," footless, grovelling, Tenom-bearing, — the authorized 
type of a Mien and degraded creature, — until after the intro- 
duction of the mammals. What can this &ct of degradation 
mean ? Species and genera seem to be greatly more numerous 
in the present age of the world than in any of the geolc^c 
ages. Is it not possible that the extension of the chain of 
being which has thus taken place, — not only, as we find, 
through the addition of the higher divisions of animals to its 
upper end, but also through the interpolations of l&teer linla 
into the preriously existing divisions, — may have borne re- 
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ference to some predetenniued scheme of well-propoitioiied 
gradation, or, according to the poet, 

" Ot gansnl Obdbk ria« Ihs whole began !" 

Majr not, in short, what we term degradation be merely one 
of the modes resoit«d to for filling up the voids in Creadon, 
and thereby perfecting a scale which must have been originally 
not merely a scale of narrow compass, but also of innumerable 
breaks and blanks, hiatuses and chasms? Such, certainly, 
would be the reading of the enigma which a Soame Jenyos or 
a Bolingbroke would suggest ; but the geologist has learned 
fi»m his science, that the completion of a chain of at least 
contemporary being, perfect in its gradations, cannot possibly 
have fi»med the design of Providence. Almost ever since 
Qod united vitality to matter, the links in this chain of ani- 
mated nature, as if composed of a material too brittle to bear 
their own weight when stretched acroBS the geologic ages, 
have been dropping one after one from his hand, and sinking, 
fractured and broken. Into the rocks below. It is ui^^ed by 
Pope, that were " we to press on superior powers," and rise 
from our own assigned place to the place immediately above 
it, we would, in consequence of the transposition, 

" Id the full creation teaTe a 'Oiil, 
Wharet ooe step broken, the great scale's destroyed. 
From nature's cbaln wbaterer link ire strike. 
Tenth or ten thousandth, breaks the chain alike." 

The poet could scarce have anticipated th^t there was a science 
then sleeping in its cradle, and dreaming the dreams of Whia- 
ton, Leibnitz, and Burnet, which was one day to rise and de- 
monstrate that both the tenth and the ten thousandth link in 
the chain had been already broken and laid by, with all the 
thousands of links between ; and that man might laudably 
" press on superior powers," and attain to a " new nature," 
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without in the least affecting the symmetry of creation by the 
void which his elevation would necessarily create; that, in 
fine, Toida and blanks in the scale are exceedingly common 
things ; and that if men could, by rising into angels, make 
one blank more, they might do so with perfect impunity. 
Farther, even were the graduated chain of Bolingbroke a 
reality, and not what Johnson well designates it, an " absnrd 
hypothesis," and were what I have termed the interpolation of 
links necessary to its completion, the mere filling up of the 
original blanks and chasms would not necessarily inTolve the 
&ct of d^radation, seeing that each blank could be filled np, 
if I may so express myself, from its lower end. Each could 
be as certainly occupied to the full by an elevation of lower 
fornis, as by a humiliation of the higher. We might receive 
the hypothesis of Bolingbroke, and yet find the mysterious &ct 
of degradation remain an unsolved riddle in our hands. ^ 

But though I can assign neither reaton nor eatae for the 
fact, I cannot avoid the conclusion, that it is associated with 
certain other great facts in the moral government of the uni- 
verse, by those threads of analogical connection which run 
through the entire tissue of Creation and Providence, and im- 
part to it that character of anity which speaks of the single 
producing Mind. The firet idea of every religion on earth 
which has arisen out of what may be termed the spiritual in- 
stincts of man's nature, is that of a Future Slate ; the second 
idea is, that in this state men shall exist in two separate classes, 
— the one in advance of their present condition, the other far 
in the rear of it. It is on these two great beliefs that con- 
science eveiywhere finds the fulcrum from which it acts upon 
the conduct ; and it is, we find, wholly inoperative as a force 
without them. And in that one religion among men that, in- 
stead of retiring, like the pale ghosts of the others, before the 
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light of civilization, brightens and expands in itg beams, and 
in &Toiir of whose claim as a rerelation from God the highest 
pbiloBOphj has declared, we find these two master ideas oc- 
cupying a still more prominott place than in any of those 
merely iiidigenoiis religions that spring up in the haman mind 
of themselves. The special lesson which the Adorable Sariour, 
during bis miaistry on earth, oftenest enforced, and to which 
a3i the others bore reference, was the lesson of a final separa- 
tion of mankind into two great diTisioos, — a division of God- 
like men, of whose high standing and full-orbed happiness 
man, in the present scene of things, can form no adequate 
conception ; and a division of men finally lost, and doomed to 
unutterable misery and hopeless d^radation. There is not in 
all Revelation a single doctrine which we find oftener or more 
clearly enforced than that there shall continue to exist through- 
out the endless cycles of the future, a race of degraded men 
and of degraded angels. 

Now, it is truly wonderful how thoroughly, in its general 
scope, the revealed pieces on U> the geologic record. We 
know, as geologists, that the dynasty of the fish was succeed- 
ed by that of the reptile, — that the dynasty of the reptile was 
succeeded by that of the mammiferous quadruped, — and that 
the dynasty of the mammiferous quadruped was succeeded by 
that of man as man now exists, — a creature of mixed charac- 
ter, and subject, in all conditions, to wide alternations of en- 
joyment and suflTering. We know, Airther, — so &r at least 
as we have yet succeeded in deciphering the record, — that the 
several dynasties were introduced, not in their lower, but in 
their higher forms ; — that, in short, in the imposing pro- 
gramme of creation it was arranged, as a general rule, that in 
each of the great diviuons of the procession the magnates 
should walk first. We recognise yet further the fact of de- 
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gradation specially exemplified in the fish and the reptile. 
And then, passing on to the revealed record, we learn that the 
dynasty of man in the mixed state and ehaiaoter is not the 
final one, but that there is to be yet another creation, or, more 
properly, recreation, known theologically as the ResurrectioD, 
which shall be connected in its physical components, by bonds 
of mysterious paternity, with the dynasty which now reigns, 
and be bound to it mentally by the chain of identity, conscious 
and actual ; but which, in all that constitutes superiority, shall 
be aa rastly its superior as the dynasty of responsible man is 
superior to even the lowest of the preliminary dynasties. We 
are further taught, that at the commencement of this last of 
the dynasties there will be a re^ireation of not only elevated, 
but also of degraded beings, — a re-creation of the logt. We 
are taught yet further, that though the present dynasty be that 
of a lapsed race, which at their first introduction were placed 
on higher ground than that on which they now stand, and 
sank by their own act, it was yet part of the original design, 
from the beginning of all things, that they should occupy the 
existing platform; and that Redemption is thus no afi«r- 
thought, rendered necessary by the Fall, but, on the contrary, 
part of a general scheme, for which provision had been made 
from the beginning ; so that the EHvine Man, through whom 
the work of restoration has been effected, was in reality, in re- 
ference to the purposes of the Eternal, what he is designated 
in the remarkable text, " lAs Lamh »lain from, the foundatiotu 
of the world." Slain from the foundations of the world ! 
Could the assertors of the stony science ask for language more 
express ? By piecing the two records together, — that revealed 
in Scripture, and that revealed in the rocks, — records which, 
however widely geologists may mistake the one, or commen- 
tators misunderstand the other, have emanated from the same 
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great Author, — we learn that m slow and solemn majestj has 
period succeeded period, each in guccesaion oshering in a 
higher and yet higher »cene of existence, — that fish, reptiles, 
mammiferous quadrupeds, have reigned in turn, — that respon- 
sible man, " made in the image of Ood," and with dominion 
over all creatures, ultimatelj entered into a world ripened for 
his reception ; but, further, that this passing scene, in which 
he forms the prominent figure, is not the final one in the long 
series, but merely the last of the preliminaty scenes ; and that 
that period to which the bygone ages, incalculable in amount, 
with all their well-proportioned gradations of being, form the 
imposing vestibule, shall have perfection fbr its occupant, and 
eternity for its duration. I know not how it may appear to 
others ; but ki my own part, I cannot avoid thinking that there 
would be a lack of proportion in the series of being, were the 
period of perfect and glorified humanity abruptly connected, 
without the introduction of an intermediate creation of retpon^ 
ftbU imperfection, with that of the dying irresponsible brute. 
That scene of things in which God became Man, and suffered, 
»eem», as it no doubt i*, a necessary link in the chain. 

I am aware that I stand on the confines of a mystety which 
man, since the first introduction of sin into the world till now, 
has " vainly aspired to comprehend." But I have no new 
reading of the enigma to offer. I know not why it is that 
moral evil exists in the universe of the All- Wise and the All- 
Powerfiil ; nor through what occult law of Deity it is that 
" perfection should come through suffering." The question, 
like that satellite, ever attendant upon our planet, which pre- 
sents both its aides to the sun, but invariably the same side to 
the earth, hides one of its faces fi'om man, and turns it to but 
the Eye from which all light emanates. And it is in that 
God-ward phase of the question that the mystery dwells. We 
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can map and measure eyerj protuberance and hollow which 
roughens the nether diak of the moon, as, during the shades 
of night, it looks down upou oui path to cheer and enlighten; 
but what can we know of the other ? It would, however, 
seem, that even in this field of mystery the extent of the inex- 
pUcable and the unknown is capable of reduction, and that 
the human understanding is vested in an ability of progressing 
towards the central point of that dark field throi^hout all time, 
mayhap aU etemi^, as the asymptote prt^^resses upon its 
curve. Even though the essence of the question should for 
ever remain a mystery, it may yet, in its reduced and defined 
state, serve as a key for the laying of other mysteries open. 
The philosophers are still as ignorant as ever respecting the 
intrinsic nature of gravitation ; but regarded simply as a force, 
how many enigmas has it not served to unlock 1 And that 
moral gravitation towards evil, manifested by the only two 
classes of responsible beings of which there is aught known to 
man, and of which a degradation linked by mysterious analogy 
with a class of tacts singularly prominent in geologic history 
LB the result, occupies apparently a similar place, as a force, in 
the moral dynamics of the universe, and seems suited to per- 
form a similar part. Inexplicable itself, it is yet a key to the 
solution of all the minor inexplicabilities in the scheme of Pro- 
vidence. 

In a matter of such extreme niceness and difficulty, shall I 
dare venture on an illustrative example t 

So fer as both the geologic and the Scriptural evidence ex- 
tends, no species or femily of existences seems to have been 
introduced by creation into the present scene of being since the 
appearance of man. In Scripture the formation of the human 
race is described as the terminal act of a series, " good" in all 
its previous stages, but which became " veij good" then ; and 
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geologuts, judging from the modicnm of CTidence which thej 
have hitherto succeeded in collecting on tlie subject, — evidence 
■till meagre, but, bo far as it goes, independent and distinct, 
— pronounce " poBt-Adamic creatumB" at least " improbable." 
The naturalUt finds i^rtain animal and regetabte species re- 
stricted to certain circles, and that in certain foci in these 
circles they attain to their fullest dereiopment and their maxi- 
mum number. And these fbd he regards as the original 
centres of creation, whence, in each instance in the process of 
increase and multiplication, the plant or creature propagated 
itself outwards in circular wavelets of liie, that sank at each 
stage as they widened, till at length, at the circoml^rence of 
the area, they wholly ceased. Now we find it argued by Pro- 
fessor Ddward Forbes, that " since man's appearance, certain 
geological areas, both of loud and water, have been formed, 
presenting such phyucal conditioos as to entitle us to expect 
within their bounds one, or in some instances more than one, 
centre of creation, or point of maximum nf a xoolo^tcal or bo- 
tanical province. But a critical examination renders evident," 
the Professor adds, " that instead of showing distinct foci of 
creation, they have been in all instances peopled by coloniza- 
tion, i. e. by migration of species from pre-existiog, and in 
every case pre-Adamic, provinces. Among the terrestrial 
areas the British isles may serve as an example ; among 
marine, the Baltic, Mediterranean, and Black Seas. The Bri- 
tish islands have been colonized from, various centres of crea- 
tion in (now) continental Europe; the Baltic Sea from the 
Celtic region, although it runs itself into the conditions of the 
Boreal one ; and the Mediterranean, as it now appears, fiwm 
the fiiuna and flora of the more ancient Lusitanian province." 
Professor Forbes, it is stated farther, in the report of his paper 
to which I owe these details, — a paper read at the Royal In- 
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stitution in March 1849, — " exhibited, in support of the same 
view, a map, showing the relation which the centres of crea- 
tion of the Mr-breathing molluscs in Europe bear to the geo- 
logical history of the respective areas, and proving that the 
whole snail population of its northern and central extent (the 
portion of the Continent of newest and probably post-Adamic 
origin) had been derived Irom foci of creation seated iu pre- 
Adamic lands. And these remarkable iBCts have induced the 
Professor," it was added, " to maintain the improbability of 
post-Adamic creations." 

With the introduction of man into the scene of existence, 
creation, I repeat, seems to have ceased. What is it that now 
takes its place, and performs its work ? During the previous 
dynasties, all elevation in the scale was an effect simply of 
creation. Nature lay dead in a waste theatre of rock, vapour, 
and sea, in which the insensate laws, chemical, mechanical, 
and electric, carried on their blind, unintelligent processes ; 
the creative fifU went forth ; and, amid waters that straights 
way teemed with life in its lower forms, vegetable and animal, 
the dynasty of the fish was introduced. Many ages passed, 
during which there took place no farther elevation : on the 
contrary, in not a few of the newly introduced species of the 
reigning class there occurred for the fiist time examples of an 
asymmetrical misplacement of parte, and, in at least one family 
of fishes, instances of defect of parts : there was the manifes- 
tation of a downward tendency towards the d^radation of 
monstrosity, when the elevatory fiat again went forth, and, 
through an act of creation, the dynasty of the reptile b^;an. 
Again many ages passed by, marked, apparently, by the in- 
troduction of a warm-blooded oviparous animal, the bird, and 
of a &w marsupial quadrupeds, but in which the prevailing 
class reigned undeposed, though at least unelevated. Yet 
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again, howerer, the eleratoiy fiat went forth, and through an 
act of cnation the Ajoaatj of the mammiferoiia quadruped 
b^;au. Aud after the further lapse of ages, the eleratory fiat 
went forth yet once mfffe in an aa of creation ; and with the 
human, hearen-aapiring dynast;, the moral government of 
tied, in its connection with at least the world which we in- 
habit, "took beginning." And then creation ceaaed. Why? 
Simply because God's moral goTemment had begun, — because 
in necessary conformity with the institution of that goTem- 
ment, there was to be a thorough identity muntained betwem 
the glorified and immortal beings of the terminal dynasty, and 
the dying magnates of the dynasty which now is ; and be- 
cause, in consequence of the mtunteuauce of this identic as 
an essential condition of this moral government, mere act* of 
ereeaion could no longer carry on the elevatory process. The 
work analogous in its end and object to those aett of creation 
which gave to our planet its successire dynasties of higher and 
yet higher esiatences, is the work of Kbdbkptiok. It is the 
eleratory process of the present time, — the only possible pro- 
vision for that final act of r«-creatioa " to everlastLog life," 
which shall usher in the terminal dynasty. 

I cannot avoid thinking that many of our theologians attach 
a too narrow meaning to the remarkable reason " annexed to 
the Fourth Commandment" by the Divine Lawgiver. " God 
rested on the seventh day," says the text, " from all his work 
which He had created and made ; and God blessed the seventh 
day, and sanctified it." And such is the reason given in the 
Decalc^e why man should also rest on the seventh day. Ood 
rested on the Sabbath, and sanctified it ; and therefore man 
ought also to rest on the Sabbath, and keep it holy. But I 
know not where we shall find grounds for the belief that that 
Sabbath-day during which God rested was merely conunen- 
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surate in its duratiou witb one of the Sabbaths of Bhort-lived 
m&a, — a brief period, measured by a single rerolution of the 
earth on its axis. We have not, as has been shown, a shadow 
of evidence that He resumed his work of creation on the mor- 
row : the geologist finds no trace of post^Adamic creation, — 
the theologian can tell us of none. God's Sabbath of rest may 
still esiat ; — the toork of Redemption may he the toork of hit 
Sabbath day. That elevatorj process through successire acts 
of creation which engaged Him during myriads of ages, was 
of an ordinary week-day character ; hut when the t«Tm of his 
moral government began, the elevatory process proper to it 
assumed the Divine character of the Sabbath. This special 
view appears to lead peculiar emphasis to the reason embodied 
in the commandment. The collation of the passage with the 
geologic record seems, as if by a species of re-translation, to 
make it enunciate aa its injunction, " Keep this day, not mere- 
ly as a day of memorial related to a past &ct, but also as a 
day of co-operation with God in the work of elevarion in re- 
lation both to a present tact and a fiiture purpose. God keeps 
his Sabbath," it says, " in order that he may save ; keep yours 
also, in order that ye may be saved." It serves, besides, to 
throw light on the prominence of the Sabbatical command, in 
a digest of law of which no part or tittle can pass away until 
the fulfilment of all things. During the present dynasty of 
ptoharion and trial, that spedal work of both God and man on 
which the character of the futiure dynasty depends, is the Sah- 
bath-day work of saving and being saved.* 



* Tbe twmmon abjection to that speclsl view which regarda Che dayi 
of creation as ImmenEel; protracted perioda of time, fnrnishee s apeci- 
iDfla, if not of reasoning in a circle, at least of reuonlng from & maie bb- 
■omption. It first takes for granted, that the Sabbath-day darlag which 
God rested was a da; of but twentj-foor hoars ; and then argnes, from 
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It IB in this dynasty of the future that man's moral and in- 
tellectual faculties will receive their fiill development. The 



the supposlUoD, that In order to ti^ «;> the proportion betweon (he bIi 
preiious irorklDg dtys and the mienth da; of rest, which the reuoD an- 
DGied to the fourth noramandmeDt demands, these prerloDS daja mast 
aUo ha»B besn days of twentj-four hours eaxih. It would, I hare began 
to aaspect, square better with the ascertained facts, and be at leait equal- 
ly in accordance with Scriptnre, to rcTei'se the process, and argue that, 
bteatut God's working days were immensely protracted periods, Au Sab- 
bath most alio be an immensely protracted period. The reason attaches! 
(o the law of the Sabbath seems to be simply a rauon of proportion; — the 
objeecion to which I refer is an objection palpably founded oa contider' 
atUmi of proporHoD. And certainly, were the reason to bo diTesled of 
proportion, it wonid be diyested also of its disUncUve character as a rea- 
son. Were it to run as follows, it could not be at all understood : — 
" Sii days shalt thou labour, Sx., but on the seienCh day shalt thou do no 
labonr, &o. ; for in sir immensely protracted periods of many thousand 
years each did the Lord make the heaTens and earth, Ac., and then rest- 
ed dating a brief day of tweaty-foar hours; therefore the Lord bless- 
ed the brief day of twenty-foor hours, and hallowed it." This, I repeal, 
would not be reason. All, boweier, that seems necessary to Che inte- 
grity of the reason, in Its character as sach, is. that the proportion of six 
parts to seren should be m^ittalned. God's periods mny be periods ex- 
pressed algebrdcollj by letters symbolical of unknown quanUty, and 
man's periods by letters symbolical of quantities well known; bnt if 
Ood's Sabbath be equal to one of his six working days, and man's Sab- 
iMth equal to one of ha sii working days, the integrity of proportion is 
maintained. When I see the palpable absurdity of such a reading of 
the reason as the one giien aboTU, I can see no absurdity whatever in the 
reading which 1 subjoin r — "Sii pfrlodt (a--a~a—a—a—a) shalt thou 
labour, &c., but on the ae^eath period (b— a) shalt thou do no labonr, Ac; 
for in six periodi (x—h—x—b—x—x) the Lord made heaven and earth> 
Ac, and rested the seienth period (y —x) ; therefore the Lord blessed the 
seventh j>«riOEl and hallowed it. The reason, in its character as a reason 
of proportion, survives here in all its iotegrity, Man, when in his uD- 

image at beat;— the proportion of man's ireck to that of his Maker may, 
for aught that appears, be mathematically just in Its proportions, and yet 

present geographical degrees. All those week-days and Sabbath-dsjs of 
man which have come and gone since man first entered upon U>is scene 
of being, with all which shall yet oome and go, until the resurrection of 
the dead terminates the work of Redemption, may be included, and pro- 
bably an included, In the one Sabbath-day of God. 
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expectation of any rery great advance in the present Bcene of 
things, — great, at least, when measured b; man's large c^>a- 
city of concelTing of the good and feir, — Beems to be, like all 
human hope when restricted to time, an expectation doomed 
to disappointment. There are certain hmits within which the 
race improves; — civilization is hettet than the want of it, and 
the taught superior to the untaught man. There is a change, 
too, effected in the moral nature, through that Spirit which, 
by working beUef in the heart, brings its aspirations into har- 
mony with the realities of the unseen world, that, in at least 
its relation to the future stale, cannot be estimated too highly. 
But conception can travel very far beyond even its best effects 
in their merely secular bearing ; nay, it is peculiarly its nature 
to show the men most truly the subjects of it, how miserably 
they fell short of the high standard of conduct and feeling 
nhich it erects, and to teach them, more emphatically than 
by words, that their degree of happiness must of necesai^ be 
as low as their moral attainments are humble. Further, — man, 
though he has been increasing in knowledge ever since his ap- 
pearance on earth, has not be^i improving in factdty ; — a 
shrewd fact, which they who expect most from the future of 
this world would do well to consider. The ancient masters of 
mind were in no respect inferior in calibre to their successoiB. 
We have not yet shot ahead of the old Greeks in either the 
perception of the beautifiil, or in the ability of producing it ; 
there has been no improvement in the inventive faculty since 
the Iliad was written, some three thousand years ago ; nor has 
taste become more exquisite, or the perception of the harmony 
of numbers more nice, since the ^e of the £neid. Science 
is cumulative in its character ; and so its votaries in modem 
times stand on a higher pedestal than their predecessors. But 
though nature produced a Newton some two centuries ago, as 
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ahe produced a Goliadi of Osth at an eaiiier period, the mo- 
dem {^osophen, as a class, do not exceed in actual stature 
the wone-infbnned andeots, — the Euclids, Archimedesea, and 
AristoUes. We would be without excuse if, with the Bacon, 
Hilton, and Shak^eare of these latter ages of the world fiill 
bef(H« us, we recurred to the obsolete belief that the human 
race is deteriorating ; but then, on the other hand, we hare 
certain evidence, that since genius first began unconsciously to 
register in its works its own bulk and proportions, there has 
been no increase in the mass oi improvement in the quality of 
individual mind. As for the dream that there is to be some 
extraordinary elevation of the general platform of the race 
achieved by means of education, it is simply the hallucination 
of the age, — the world's present alchemical expedient for con- 
verting &rthing8 into guineas, sheerly by dint of scouring. 
Not but that education is good : it exercises, and, in the ordi- 
nary mind, developes, feculty. But it will not anticipate the 
terminal dynasty. Yet further, — man's average capacity of 
happiness seems to be as limited and as incapable of increase 
as his average reach of intellect : it is a mediocre capaci^ at 
best ; nor is it greater by a shade now, in these days of power- 
looms and portable manures, than in the times of the old pa- 
triarchs. So long, too, as the law of increase continues, man 
must he subject to the law of death, with its stem attendants, 
suffering and sorrow ; for the two laws go necessarily toge- 
ther ; and so long as death reigns, human creatures, in even 
the best of tim^ will continue to quit this scene of being 
without professing much eatisfection at what they have found 
either in it or themselves. It will no doubt be a less miser- 
able world than it is now, when the good come, as there is 
reason to hope they one day shall, to be a majori^ ; but it will 
be felt to be an inferior sort of world even then, and be even 
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fuller than now of wishes and longings for a better. Let it 
improve as it may, it will he a scene of prohation and trial till 
the end. And so Faith, undeceived hy the mirage of the mid- 
way desert, whaterer form or name, political or religious, the 
phantasmagoria may bear, must condnue to look beyond its 
unsolid and tremulous glitter, — its bare rocks exaggerated by 
the vapour into air-drawn castles, and its Btunt«d bushes mag- 
nified into goodly trees ; and, fixing her gaze upon the re-cre- 
ation yet iiiture, — the terminal dynasty yet unbegun, — she 
must be content to enter upon her final rest, — for she will not 
enter upon it earlier, — " at return " 

" Of Him, the Womsn's Seed, 
Last In (he elands, f^m he&Ten to be reiealed 
In glory of tbe Fatber, to dlssolTe 
Satan vlth bis perTerted world, then raiu 
From tbe eondagrant mass, pnrged and refined, 
I4ei> beavens, new (>artb,Bges of endless date, 
Fonaded In righteonaneBi, and peace, and love, 
To bring forth froita,— Joy and eternal blise." 

But it may be judged that I am trespassing on a field into 
which I have no right to enter. Save, however, for its close 
proximity with that in wbicti the geologist expatiates as pro- 
perly his own, this little volume would never have been written. 
It is the fiict that man must believingly co-operate with God 
in the work of preparation for the final dynasty, or exist 
throughout its never-ending cycles as a lost and degraded 
creature, that alone renders the development hypothesis for- 
midable. By inculcating that the elevatory process b one of 
natural law, not of moral endeavour, — by teaching, inferen- 
tiatly at least, that in the better state of things which is com- 
ing there is to be an identity of race with that of the existing 
dynasty, but no identity of individual consciousness, — that, on 
the contrary, the life after death which we are to inherit is to 
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be merely a horrid life of wriggling impurities, originated in 
the putrefactiTe tnucuB, — and that thus the men who now live 
possess no real stake in tlie kingdom of the future, — it is its 
direct tendency, so tai as its influence extends, t« render the 
required co-operation with God an impossibility. For that 
co-operation cannot exist without belief as its bans. The hy- 
pothesis involves a misreading of the geoli^c record, which 
not merely afifects its meaning in relation to the mind, and 
thus, in a question of science, substitutes error for truth, but 
which also threatens to affect the record itself, in relation to 
the destiny of every individual perverted and led astray. It 
threatens to write down among the degraded and the lost, men 
who, under the influence of an unshaken &ith, might have 
risen at the dawn of the terminal period, to enjoy the fulness 
of eternity among the glorified and the good. 
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ledge vrhllo working da; bj daj aa a labourer In a quAny of tha Old Red Sasdatonv 
In the noTtb^aAt pjLrl of Scotlaod, erlncee tuleot of tbe blflbeat order, « deep and 
beallbfal moral fKling, 1 perfect comnund ol Ibe flneat laoEn^e, and * beauUfnl 
UDloEi of phlloBOpbj and poetry. No geologiet am penue thla Tolume wltbent in. 
BtnivtloD and dellgbt. It aflordi an admirable ajnopelH ef the formation between the 
Oranitic Scbiatt aod the Coal Ueosuree ; and. Indeed, embncee an enlarged and highlf 
philqeqphleal ilew of the eclenw, and of Its relation to the Creator."— JVyJanw Silli- 

" A ge^oglia] work bae appeared, amaU In elie, anpretendlng In aplrlt and mannv, 

tifnl ilmplliiitj of truth,— and altogetber poneainft (or a rational reader, an Intsteet 
anpcrior to that of a noTel ;- the Old Bed Sandatone,' by Hngb MiUer."- i>r Ffc 
SmUh't Jleiaium b^vren Scripture and Otebtff)!^ 

" m Hr Miller'e cbaming little voA will be fonnl a rer; ginphle dewriptlon of the 
Old Bed Bthfl. I know not a more taaoinatlng Tolnme on anj branch of BrltUb Geo- 
logj.— JtfnnWi'J Mnfati of Orraivm. 

" Id Mr UUIer we have to hall tbe accesiloD to geoJeglol writen of a man highl; 



CroDUKj. Le premier, il a dAwnTerleei feeiilea de foime bluue, k oaracl^rei bA^nt 

qne qneiqnea DaturBliBtoB onl meme prlt poor de graode Colsoptjrei aqutlqnsi, el 
dont je cmie avoir rvcontin le v^table nature, en lei rangeant paimileA polaaona, ofl 
111 foment on genre k put que I'd dWgr.e houi le nom de FleriehtbjfB."- ..^tnuiii. 
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BRITISH ASSOCIATION FOR THB ADVANCEMENT OP SCIENCE. 



'■ Mr MuRhlwn g»« in icoounl of the Ln.eniguiona and dlKufeiici of Mr Hugh 
KiUtT of CraiDutf (now Editor oftbt " Wltnem") In tlia Old Hod Sindelone. Various 

ant h&rliig tbo f erubnl ooLamn tumlnatod At ths c«itire of ths tall, aa in tb« eximng 
leat toTDU of Hr UiUer'a poTvevar. 



might kbU enir. Mr Mscclilwn sdded. tlut he had Hon hihb of Hr MlUer'g pspan 
OD Ooulogy, vrltteo in a Ht;]o h beaatiful itnd pvotloai) jib to throw pialn geologiHlH 

flnospocimene of which were on the table, wu jet withoala hadh^ and jwrhapA M. 
Agoaaiit who would now fATOurthoDi with a dosoriptioD of theolua ta which it h?- 
longod, would aulgn It ouo. 

"M. Agauli ■latfd, that iinoehe first aaw, flv e or six yoart a^, thedahoa of tlieold 
dopoBlta, tliej had lucroawd to aach an extent aa to enable him to ooonoct theia with 
one large gooLogioal epoch- This had been ntill further eetabllihed by their having 
been fSund In the aame formation by Mr Murchlaon In Boeiia. aod Mr Miller in Ro». 
■hire. Theee Oshes were characleriied In the mo<t cnriouewaj he had eier Keen. 

table, M. AgauLi propoeed to call Mr HULer'B the Ptenchih//i MiUeri. In the ceurae 
of a aabaaqueut conToreatlon, the loam«d Profoaior added, that Id Lately examining 
the ^ga of tho ealmon, ha had otuarved that la the foalai stale of Ifaoae Sehea they 
hare that sneqnaUy dlTlded condition of tall which charaolerliei ao large a poniuo of 



to hlni In the " Wilneaa" newspaper by hie friend Sir C. Menleath. That 
lieh had goat him houn and daja of l^Hnir. He (Dr Baeklaiid) would 
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